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Chapter 2

Based on the graph, the intercepts are (2,0) and

(0,-4).

X2 —4x-12=0
(x-6)(x+2)=0
Xx-6=0 or x+2=0
X=6 X=-2
The solution set is {-2,6} .

y=0
y-axis

(-3.4)

. True

. False; a graph can be symmetric with respect to
both coordinate axes (in such cases it will also be

symmetric with respect to the origin).

For example: x? +y% =1

175

Graphs
Section 2.1 9. y=x+2
x-intercept: y-intercept:
1. y=2x-4 0=x+2 y=0+2
X y=2x-4 (xy) -2=X y=2
-2 |y=2(-2)-4=-8|(-2,-8) The intercepts are (—2,0) and (0,2).
y=2(0)-4=-4 | (0,-4) yoy=x+2
2 | y=2(2)-4=0 | (2,0 T
(0,2) [/
y2 (—2,0) = ‘
B 1 1 1 | L i 11 3
||||||_|)/‘||||X i W ?
-5 _ /@0 5 N
<F
(0,-4)
7L 10. y=x-6
(-2, -8) ~ x-intercept: y-intercept:
: 0=x-6 y=0-6
-10 - 6=x y=—-6

The intercepts are (6,0) and (0,-6).

3_

(6,0)

N [

11. y=2x+8
X-intercept:
0=2x+8
2x=-8
X=-4

¥

y-intercept:
y=2(0)+8
y=8

r + 8

The intercepts are ( ,0) and (0,8).
)

10

(—4.{1)/
11 1 1

IIITA

I I Y

—10

—-10

T TTTT

10
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Chapter 2: Graphs

12, y=3x-9 y
x-intercept: y-intercept: 10
0=3x-9 y=3(0)-9
3x=9 y=-9 (~3,0)
L1 1 13l
x=3 710
The intercepts are (3,0) and (0,-9).
y
1o -10
B ) 15. y=—-x2+4
| | [ 4 . .
10 (3.0 10 x-intercepts: y-intercepts:
0=-x2+4 y:_(0)2+4
0.9 yoaeed X' =4 y=4
X=42
The intercepts are (-2,0), (2,0), and (0,4).
13. y=x"-1 e
x-intercepts: y-intercept: 5[ (0, 4)
0=x*-1 y=0%-1 ,\-=—_\-1+/Z\
2 _ =1 - :
¢ 1 ’ 20f F NG,
X=x1 -5 L 5
The intercepts are (-1,0), (1,0), and (0,-1). 5.
noy=x-1 F
5t =5
B 16. y=-x*+1
LN x-intercepts: y-intercept:
=5 (-LO)NYZ (1,0) 5 0=—x%+1 y:_(o)z +1
0.-1)F 1 J-1
sk x=+1
) The intercents are (—1 0) (1,0) , and (0,1)_
.r\
14. y=x*-9 sk
X-intercepts: y-intercept: E—
0=x-9 y=02-9 o.nfF’
2 -9 L I
x°=9 y=- =5(-1,0)/ L\(1.0) 5
X =13 -
The intercepts are (-3,0), (3,0), and (0,-9). B
_:'\ =
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17. 2x+3y=6
x-intercepts:
2x+3(0)=6
2x=6
x=3

y-intercept:
2(0)+3y=6
3y=6
y=2

The intercepts are (3,0) and (0,2).

Al

18. 5x+2y=10
x-intercepts:
5x+2(0)=10

5x =10
X=2

y-intercept:
5(0)+2y =10
2y =10
y=5

The intprr‘.p{l\tq are (2 0) and (0,5),

19. 9x*+4y=36
X-intercepts:
9x* +4(0)=36

9x% =36
X2 =4
X=12

The intercepts are (-2,0), (2,0),and (0,9).

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently

y-intercept:
9(0)° +4y =36
4y =36
y=9

Section 2.1: Intercepts; Symmetry; Graphing Key Equations

10£(0, 9)
BN i R
~10 B 10
T | 9x? + 4y =36
20. 4x*+y=4
x-intercepts: y-intercept:
4x2+0=4 4(0) +y =4
4x% =4 y=4
X2 =1
Xx==1

The intercepts are (-1,0), (1,0), and (0,4).

y

sk
(0,4)

4x° + y =4

(1,0)

21. YA
=349 57 3.9
L — L
I g
-5 L 5
L : L
(©=(3 -4 Ss5-@=03-4
22. Yi
5_
=53 [ (5,3)
L] — L]
AR A A AR
- - 2
L ] : .
(©)=(=5-3) @) =(5-3)
-5+
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Chapter 2: Graphs

50 @=(3,4 5 (=69
L] — L]

2D | bd=21 ~
e | o -

L1111 T L1111 T Y I
S5 o L e 5 -5 B B
@=2-1) - @©=2,-D ~

L . - e
-5 (3, -4 SsFb)=G-4)
24. Yi 28. YA
5 5+
©=(42) - @=E2) i
e r ° ©=+0 [@=40
L o b)=L0 | @0
s B 5 :gl_g_l_l_l__l_l_l_;_ls_,
. - . B
(b)y=(4-2) 4.-2) B
5+ -
.
25. Yy
sk 29. ¥
©=(52 F @=62 >
° = ° (@)=(0,3)
L1111 [ 1111 1 X ©=03
- B > I I A R
. — ° -5 5
(b)=(-5.-2) (5,-2) B
I 0,-3)
- ®»=0-3 1
-5+
26. YA
L 5
@=-L1 =11 N
s - x @=(3,0 | {)=3,0

[N T Y Y Y T (3.0)  |(b)=(3. 0

-5 e 5 L L1
-1,-1)-®)=(1,-1) =5 L 5

5 n

-5+

31. Symmetric with respect to the x-axis, y-axis, and
the origin.

32. Not symmetric to x-axis, y-axis, or origin

33. Symmetric with respect to the y-axis.
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© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Section 2.1: Intercepts; Symmetry; Graphing Key Equations

34. Symmetric with respect to the y-axis. 42, y
35. Symmetric with respect to the x-axis.

36. Symmetric with respect to the x-axis, y-axis, and
the origin.

37. Symmetric with respect to the origin.

38. Symmetric with respect to the origin. —

3
39. y B
g 2
B 43.
L1 |
-9 9
(—2.=5)% | #(2.-5)
— N2 (0, —9)
40. y —4 L (0,0 4
S
= (5.3) :
0L —" 2-84 L
(—4.0) L ) 10
o O O -
-5 5

= x-intercept : (0,0);  y-intercept: (0,0)

— (3. —3) 2
4l 44, x=y
yJ\
41, YA
4+
()
(=m.0) bk (m, 0)
7 (0,0) | ,\.
—_— e v 18
2/ 2

x-intercept: (0,0);  y-intercept: (0,0)
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Chapter 2: Graphs

45. y=+/x 48. y*=x+9

YA X-intercepts: y-intercepts:

5t (0)2 =-x+9 y2=0+9
B = — 2 _
(L 1) x=9 y =143

(0,0 .
IR R The intercepts are (-9,0), (0,-3) and (0,3).
-3 7

B Test x-axis symmetry: Let y=-y
B (—y)2 =Xx+9

-5 y? =x+9 same

x-intercept : (0,0);  y-intercept: (0,0) Test y-axis symmetry: Let x = —x

y? =—x+9 different
46. y= 1 Test origin symmetry: Let x=—x and y=-y.
X
(—y)2 =—Xx+9
y? =—x+9 different
Therefore, the graph will have x-axis symmetry.
49. y=%¥x

x-intercepts: y-intercepts:
0=3x y=30=0
0=x
The only intercept is (0,0).

no x ory intercepts Test x-axis symmetry: Let y =—y

A7, y2=x+4 —y=3¥x different

x-intercepts: y-intercepts: Test y-axis symmetry: Let x =—x

02 =x+4 y2=0+4 y =¥-x =-3x different

—4=X y?=4 Test origin symmetry: Let x=—x and y=-y

v I =¥

—V = —X ==X

The intercepts are (—4,0), (0,-2) and (0,2). y

y=¥x same

Test x-axis symmetry: Let y=-y
(—y)2 =X+4
y2 =Xx+4 same

Therefore, the graph will have origin symmetry.

Test y-axis symmetry: Let x = —x
y? =—x+4 different

Test origin symmetry: Let x=—x and y=-y.

(—y)2 =—X+4
y2 =—x+4 different

Therefore, the graph will have x-axis symmetry.
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50. y=%x
X-intercepts: y-intercepts:
0="3¥x y=%0=0
0=x

51.

The only intercept is (0,0).
Test x-axis symmetry: Let y=-y
—y=3%x different
Test y-axis symmetry: Let x =—x
y= Y~x =-%/x different
Test origin symmetry: Let x=—x and y=-y
—y =/—x ==
y=¥x same

Therefore, the graph will have origin symmetry.

y=x*-8x*-9
x-intercepts: x*—8x?-9=0
(x2 —9)(x2 +1) =0

x>-9=0 or x*+1=0

x2=9 or x’=-1
X =43 no real solution
y-intercepts: y =0* -8(0)* -9
y=-9

The intercepts are (-3,0), (3,0), and (0,-9).
Test x-axis symmetry: Let y =—y
—y=x*-8x?-9 different

Test y-axis symmetry: Let x =—x

y=(-x)" ~8(-x)" -9

y=x*-8x*-9 same

Test origin symmetry: Let x=—x and y=-y
4 2

-y =(-x)" -8(-x)" -9

—y=x*-8x%-9 different

Therefore, the graph will have y-axis symmetry.

Section 2.1: Intercepts; Symmetry; Graphing Key Equations

52.

53.

181

y=x*-2x*-8
x*—2x*-8=0
(x2 —4)(x2 +2)=0

x*—4=0 or x*+2=0

x-intercepts:

xX2=4 or x*=-2
X=12 no real solution
y-intercepts: y =0* —2(0)" -8
y=-8

The intercepts are (—2,0), (2,0), and (0,-8).
Test x-axis symmetry: Let y=-y
—y=x*-2x? -8 different

Test y-axis symmetry: Let x =—x
y=(-x)"~2(-x)" -8

y =x*-2x*-8 same

Test origin symmetry: Let x=—x and y=-y
4 2

-y =(-x) -2(-x)" -8

—y =x*-2x* -8 different

Therefore, the graph will have y-axis symmetry.

Ox2 +4y* =36

x-intercepts:
9x2 +4(0)* =36

y-intercepts:
9(0)" +4y? =36

9x? =36 4y* =36
X2 =4 y2 =9
X=%2 y =23
The intercepts are (-2,0),(2,0), (0,-3), and

(0,3).
Test x-axis symmetry: Let y=-y
9x? +4(-y)* =36

9x% + 4y? = 36 same

Test y-axis symmetry: Let x =—x
9(-x)* +4y? =36
9x2 +4y* =36 same

Test origin symmetry: Let x=—x and y=-y
9(-x)* +4(-y)* =36
9x? +4y% =36 same

Therefore, the graph will have x-axis, y-axis, and
origin symmetry.
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Chapter 2: Graphs

54.

55.

4x* +y* =4
x-intercepts: y-intercepts:
4x2 402 =4 4(0)° +y? =4
4x% =4 y2=4
x? =1 y=+2
Xx=x1

The intercepts are (-1,0), (1,0), (0,-2), and
(0,2).

Test x-axis symmetry: Let y=-y

4x? +(—y)2 =4

4x% +y? =4 same

Test y-axis symmetry: Let x =—x
4(-x)’ +y2 =4

4x% +y* =4 same

Test origin symmetry: Let x=—x and y=-y
2 2

4" () =4
4x% +y? =4 same

Therefore, the graph will have x-axis, y-axis, and
origin symmetry.
y=x2+x%-9x-9
x-intercepts: 0= x3+x?-9x-9
0=x*(x+1)-9(x+1)
0=(x"-9)(x+1)
0=(x—3)(x+3)(x+1)
x=3, x=-3 x=-1
y-intercept: y =0%+0>-9(0)-9
y=-9
The intercepts are (-3,0), (-1,0), (3,0), and
(0,-9).

Test x-axis symmetry: Let y=-y

—y=x>+x%-9x-9 different
Test y-axis symmetry: Let x =—x
y = (%) +(-x)" ~9(-x)-9
y=—x2+x%+9x—9 different

56.

Test origin symmetry: Let x=—x and y=-y
Y = (=)’ +(~x)° ~9(~x) -9

—y=—x*+x%+9x-9

y=x2—x?-9x+9 different

Thereforg, the graph has none of the indicated

symmetries.

y=x3+2x*-4x-8

x-intercepts: 0= x3+2x*—4x-8
0=x"(x+2)-4(x+2)
0=(x*-4)(x+2)
0=(x-2)(x+2)(x+2)

X=2, X=-2
y-intercept: y = 0%+2(0)° —4(0)-8
y=-8

The intercepts are (-2,0), (-2,0),and (0,-8).

Test x-axis symmetry: Let y=-y

—y =x3+2x? —4x-8 different
Test y-axis symmetry: Let x = —x
y= (—x)3 + 2(—x)2 —-4(-x)-8

y = —x3+2x% +4x -8 different

Test origin symmetry: Let x=—x and y=-y
—y = (—x)° +2(=x)* —4(-x)-8
—y=—x*+2x% +4x-8

y = x® —2x? —4x+8 different

Therefore, the graph has none of the indicated
symmetries.

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



57. y=|x|-4
X-intercepts: y-intercepts:
0=|x-4 y=1[0]-4
x| =4 y=-4

58.

59.

X=-4 or x=4
The intercepts are (—4,0), (4,0), and (0,-4).

Test x-axis symmetry: Let y=-y
-y =|x|-4 different

Test y-axis symmetry: Let x =—x
y =|-X|-4=|x|-4 same

Test origin symmetry: Let x=—x and y=-y
-y =|-x-4

—y=|x-4
y=—|x|+4 different

Therefore, the graph will have y-axis symmetry.

y=[x-2

X-intercepts: y-intercepts:
0=[x-2 y=[0]-2
x| =2 y=-2

X=-2 0or x=2
The intercepts are (-2,0), (2,0), and (0,-2).
Test x-axis symmetry: Let y=-y
-y =|x|-2 different

Test y-axis symmetry: Let x =—x
y =|-X-2=|x|-2 same

Test origin symmetry: Let x=—x and y=-y
-y =|-x-2

—y=|x-2
y=—|x|+2 different

Therefore, the graph will have y-axis symmetry.

. 3X
I
X-intercepts: y-intercepts:
03X B 300) o B
X249 T 0249 9
3x=0
x=0

The only intercept is (0,0).

Section 2.1: Intercepts; Symmetry; Graphing Key Equations

183

60.

Test x-axis symmetry: Let y=-y

3x .
-y= different
x? +9
Test y-axis symmetry: Let x =—x
3(-x) _ 3x

different

(_x)2+9_ X2 +9

Test origin symmetry: Let x=—x and y=-y

3(—x)

g (—x)* +9
B 3x
T X249
y = 3x same
X% +9

Therefore, the graph has origin symmetry.

v X2 -4
2X
x-intercepts: y-intercepts:
X2 -4 0’-4 -4
0= y= =—
2X 200 o0
x*-4=0 undefined
X2 =4
X=12

The intercepts are (—2,0) and (2,0).

Test x-axis symmetry: Let y=-y

2 —
-y = X' -4 different
Test y-axis symmetry: Let x = —x
2
-X)" -4 2_
y=( ) X 4 different
2(—x) 2X
Test origin symmetry: Let x=—x and y=-y
(x4
T2
- X2 —4
—2X
X2 —

= same
y 2X

Therefore, the graph has origin symmetry.
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Chapter 2: Graphs

-8 Test y-axis symmetry: Let x = —x
61. y= 5 4
X“ -9 (X)) 1
x-intercepts: y-intercepts: y= 2(—x)5
3 3
x? -9 02-9 -9 y=—— different
_)(3 =0 - ..
<=0 Test origin symmetry: Let x=—x and y=-y
- 4
The only intercept is (0,0). _y= (-x) +1
5
Test x-axis symmetry: Let y =—y 2(-x)
3 x*+1
—X v —
R 'm0
’ i y= X' +1 same
y= 7 g different x5
Test y-axis symmetry: Let X = —x Therefore, the graph has origin symmetry.
3
y:ﬁ 63. a. 0=x*-5
(-x)"-9 W2 =5
3
y= 2X different X =35
X" -9 The x-intercepts are x =—/5 and x=+/5.
Test origin symmetry: Let x=—x and y=-y )
P y=(0)"-5=-5
—y= (—2) The y-interceptis y=-5.
(-x)" -9
e The intercepts are (—\/5,0), (\/50) , and
-y= X2—9 (0,—5)
3 .
y= ;X same b. x-axis (replacey by —-y):
x“ -9 —y=x*-5
Therefore, the graph has origin symmetry. y=5-x2 different
x* +1 y-axis (replace x by —x):
62. y= 5 2 2
2X y=(-x)"-5=x"-5 same
x-intercepts: -intercepts:
P y 04 +p1 n origin (replace x by —x andy by -y):
x* +1 y=—os== 2
0= 2(00 O —y=(=x)" -5
2x° .
N undefined y=5-x" different

no real solution The equation has y-axis symmetry.

There are no intercepts for the graph of this
equation.

Test x-axis symmetry: Let y =-y

+1 .
—-y= different
y 2x°
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Section 2.1: Intercepts; Symmetry; Graphing Key Equations

c. y=x*-5 c. y=x>-8
Additional points: Additional points:
x| y=x*-5 (%) x| y=x*-5 (xy)
1|y=1"-5=-4| (1-4) 1|y=1-8=-7|(1-7)
—1 | from symmetry | (-1,-4) 1| from symmetry | (-1,-7)
2 |y=2"-5=-1| (2-1) 2 |y=2"-8=-4|(2-4)
-2 | from symmetry | (-2,-1) -2 | from symmetry | (-2,—4)
v Yi
St (—2V2.0) 2F (2Vv2,0)
(V5. 0) L V5.0 i
- f-1) B L J@-4
(—2,-1) i (=2,-4) -5+
(~1~HR A (1, -4) -1. -1\ B4 (1, -7)
“T(0. -5) (0, —8)
64. a. 0=x"-8 65. a. x—(0)’=-9
X = +24/2 The x-interceptis x=-9.
The x-intercepts are x =—2v/2 and (0)-y?=-9
X= 2\/5 . _y2 — _9
y=(0)-8=-8 y?=9 - y=43
The y-interceptis y =-8. The y-intercepts are y=-3 and y = 3.
The intercepts are (—2\/5,0), (2\/5,0) , and The intercepts are (-9,0), (0,-3), and
(0,-8). (0.3).
b. x-axis (replace y by —y): b. x-axis (replace y by —y):
2
—y=x*-8 x—(-y) =-9
y=8—x? different x—y®=-9 same
y-axis (replace x by —x): y-axis (replace x by —x):
)/:(—X)2 —8=x?-8 same ~x-y?=-9

2 .
origin (replace x by —x andy by —y): x+y® =9 different

—y:(—x)2 -8
y=8—x? different

origin (replace x by —x andy by -y):
x(y) =0

- . —X—- y2 = —9

The equation has y-axis symmetry.

x+y% =9 different

The equation has x-axis symmetry.
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Chapter 2: Graphs

66.

x—y?=-9 or x=y?-9

Additional points:

y | x=y*-9 | (xvy)

2 [ x=2"-9=-5| (-5,2)

2 | from symmetry | (-5,-2)

(9.0~
(-5,-2)

x+(0)" =4
X=4
The x-interceptis x=4.

(0)+y* =4
y2=4 > y=42

The y-interceptsare y=-2 and y=2.
The intercepts are (4,0), (0,-2), and

(0,2).
x-axis (replace y by —y):
X+ (—y)2 =4

X+Yy? =4 same
y-axis (replace x by —x):
—x+y? =4

x—y? =—4 different

origin (replace x by —x andy by —y):

—x+(—y)2 =4
—x+y?=4

x—y? =—4 different

The equation has x-axis symmetry.

67.

Xx+y?=4 or x=4-y?
Additional points:

y | x=4-y" | (xy)
1| x=4-1"=3 | (31)
—1 | from symmetry | (3,-1)

Ay

5
\‘_((}~ 2)

L by x

«—T1(0.-2)
-5

x2+(0)* =9
x? =9

X =13
The x-intercepts are x=-3 and x=3.

(0)*+y? =9
y?=9
y=43
The y-intercepts are y=-3 and y =3.
The intercepts are (-3,0), (3,0), (0,-3),
and (0,3).
x-axis (replace y by —y):
x2+(-y)* =9
x2+y?>=9 same
y-axis (replace x by —x):
(—x)*+y?=9
x2+y%> =9 same
origin (replace x by —x andy by —y):
(1) +(-y) =9
x2+y?=9 same

The equation has x-axis symmetry, y-axis
symmetry, and origin symmetry.
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68.

y==4
The y-interceptsare y=—-4 and y=4.

The intercepts are (4,0), (4,0), (0,-4),

and (0,4).
x-axis (replace y by —vy):
X2 +(-y)* =16

x?+y> =16 same
y-axis (replace x by —x):
(—x)*+y? =16
X2 +y% =16 same
origin (replace x by —x andy by —y):
(—x)2 +(—y)2 =16
x?+y%> =16 same

The equation has x-axis symmetry, y-axis
symmetry, and origin symmetry.

Section 2.1: Intercepts; Symmetry; Graphing Key Equations

69.

187

0=x*-4x

0=x(x2—4)

x=0 or x>*-4=0
x> =4
X==2

The x-intercepts are x=0, x=-2, and
X=2.

y=0°-4(0)=0
The y-interceptis y=0.
The intercepts are (0,0), (-2,0), and
(2,0).
x-axis (replace y by —y):
—y=x>—4x
y=4x—x® different
y-axis (replace x by —x):
y=(=x)’ ~4(-x)
y =—x2 +4x different
origin (replace x by —x andy by —y):
—y=(x)" -4(x)
—y=—x3+4x
y =x*—4x same
The equation has origin symmetry.

y = X2 —4x
Additional points:

X y =x2 —4x (xy)
1| y=1-4(1)=-3
—1| from symmetry
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Chapter 2: Graphs

70. a. 0=x3-x
0=X(X2—l)
x=0 or x*-1=0
X% =1
Xx==+1

The x-intercepts are x=0, x=-1, and

x=1.
y=0°-(0)=0
The y-interceptis y=0.
The intercepts are (0,0), (-1,0), and
(1,0).
b. x-axis (replacey by —y):
—y=x*-x
y=x—x° different
y-axis (replace x by —x):
y=(x) ~(-x)
y = —x3+x different
origin (replace x by —x andy by —y):
—y=(1" ()
—y=-x3+x
y=x3-x same
The equation has origin symmetry.

c. y=x"-x
Additional points:

X | y=x3-4x (%)
2 |y=2-(2)=6| (2.6)
—2 | from symmetry | (-2,-6)

71. For agraph with origin symmetry, if the point

(a,b) is on the graph, then so is the point
(—a,—b) . Since the point (1,2) is on the graph
of an equation with origin symmetry, the point
(-1,-2) must also be on the graph.

. For a graph with y-axis symmetry, if the point

(a,b) is on the graph, then so is the point
(—a,b). Since 6 is an x-intercept in this case, the
point (6,0) is on the graph of the equation. Due
to the y-axis symmetry, the point (-6,0) must

also be on the graph. Therefore, —6 is another x-
intercept.

. For a graph with origin symmetry, if the point

(a,b) is on the graph, then so is the point
(—a,—b). Since —4 is an x-intercept in this case,
the point (—4,0) is on the graph of the equation.

Due to the origin symmetry, the point (4,0)

must also be on the graph. Therefore, 4 is
another x-intercept.

. For a graph with x-axis symmetry, if the point

(a,b) is on the graph, then so is the point
(a,—b). Since 2 is a y-intercept in this case, the
point (0, 2) is on the graph of the equation. Due
to the x-axis symmetry, the point (0,—2) must

also be on the graph. Therefore, —2 is another y-
intercept.

75. a. (x2+y2—x)2 =x*+y?

X-intercepts:
(%% + (0 ~x) = +(0)"
(x2 - x)2 =x°

x*—2x3 +x% =x°

x*—2x¥=0
x*(x-2)=0
x*=0 or x-2=0
x=0 X=2
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y-intercepts:

and (0,1).
b. Test x-axis symmetry: Let y=-y

(x2 +(-y)’ - x)2 = x2+(-y)

2
(x2+y2—x) =x?+y? same

Test y-axis symmetry: Let x =—x

(20 +y2 () = (07 4y

2
(x2 +y2+ x) =x2+y? different

Test origin symmetry: Let x=—x and y=-y

(%) (-9 ~(20)) = (3% + (~y)°

2
(x2 +yi+ x) =x2+y? different

Thus, the graph will have x-axis symmetry.

76. a. 16y? =120x-225
X-intercepts:
16y =120(0)-225

16y? = —225
16

no real solution
y-intercepts:
16(0)” =120x - 225

0=120x-225
—120x =-225
x = =225 _15
-120 8
The only intercept is (%0) :

Section 2.1: Intercepts; Symmetry; Graphing Key Equations

b. Test x-axis symmetry: Let y=-y
16(~y)? =120x—225
16y* =120x—225 same
Test y-axis symmetry: Let x =—x
16y? =120(-x)-225
16y? =—120x—225 different
Test origin symmetry: Let x=—x and y=-y
16(~y)? =120(~x)-225
16y® = -120x—225 different

Thus, the graph will have x-axis symmetry.

77. Answers will vary.

Case 1: Graph has x-axis and y-axis symmetry,
show origin symmetry.

(x,y) on graph — (x,—y) on graph

(from x-axis symmetry)

(x,—y) on graph — (—x,—y) on graph

(from y-axis symmetry)

Since the point (—x,—y) is also on the graph, the
graph has origin symmetry.

Case 2: Graph has x-axis and origin symmetry,
show y-axis symmetry.

(x,y) on graph — (x,—y) on graph

(from x-axis symmetry)

(x,—y) on graph — (—x, y) on graph

(from origin symmetry)

Since the point (—x,y) is also on the graph, the
graph has y-axis symmetry.

Case 3: Graph has y-axis and origin symmetry,
show x-axis symmetry.

(x,y) on graph — (—x, y) on graph

(from y-axis symmetry)

(=x,y) on graph — (x,—y) on graph

(from origin symmetry)

Since the point (x,—y) is also on the graph, the
graph has x-axis symmetry.
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Chapter 2: Graphs

78. Answers may vary. The graph must contain the 1
points (-2,5), (-1,3), and (0,2). For the % )
graph to be symmetric about the y-axis, the graph
must also contain the points (2,5) and (1,3)
(note that (0, 2) is on the y-axis).

10. False; perpendicular lines have slopes that are
opposite-reciprocals of each other.

11 Stope= 170 —
For the graph to also be symmetric with respect - a Ope = 2.0 2
to the x-axis, the graph must also contain the ) ) o
points (-2,-5), (-1,-3), (0,-2), (2,-5), and b. Lf >; increases by 2 units, 'y will increase
y 1 unit.
(1,-3). Recall that a graph with two of the
symmetries (x-axis, y-axis, origin) will 12. a. Slope= 1-0 1
necessarily have the third. Therefore, if the -2-0 2
original graph with y-axis symmetry also has x- ) ) .
axis symmetry, then it will also have origin b. If x Increases by 2 units, y will decrease
symmetry. by 1 unit.
13. a. Slope = 1=2 _ 1
) 1-(-2) 3
Section 2.2
b. If x increases by 3 units, y will decrease
2. 3;_2 2.1 1
x-intercept: 2x+3(0) =6 14. a. Slope = ==
2-(-1) 3
2X=6
X =3 b. If x increases by 3 units, y will increase
y-intercept: 2(0)+3y =6 by 1 unit.
=9 0-3 3
y=2 15. Slope=J2~ N _27°__3

X, =% 4-2 2
3. y=b; y-intercept

4. True
5. False; the slope is%.
2y =3x+5
y-3x.5
2 2

?
6. True; 2(1)+(2)=4
2

2+2=4
4=4 True

7. m, =m,; y-intercepts; m,-m, =-1

8. 2

190
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16. Slope =

Yo=Y _4-2
X, =% 3-4

:—:—2
-1

Section 2.2: Lines

17. Slope =221 - —Tc__=

18. Slope=2 %1 _ ==

-5
19. Slope=2 "% _ 1D _0_,
X,—% 2-(-3) 5
-'v.ll
5

I T Y O .

(3,-1) k@ -1

191

20. Slope="*—"+=——=—=0
X,—¥% —5-4 -9
YA
5_
(-5,2) B 4,2)
RN NN
-5 L 5
o
21. Slope=J2—% _ —2-2 _ 4 | \ndefined.
X,—% —1-(-) 0
A
S_
(-1,2)¢ :
Lo Pl
-5 | 5
-1,-2)¢
1!’5:
22. Slope= Y2~ % _2=0_ 2 defined.
Xo=% 2-2 0
YhooA
5—
: 8(2,2)
L g o x
-5 | 2,0 5
e

23.
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Chapter 2: Graphs

24. P=(21);m=4 28. P=(2,-4);m=0

=

£

29. P =(0,3); slope undefined

g

Il

e

)

S
rrr 1T T

N Y O O

=T T T

/i

-2

(note: the line is the y-axis)

30. P =(-2,0); slope undefined

.\‘I

]

¥

L1l
5

31. Slope=4 :% ; point: (1,2)

If x increases by 1 unit, then y increases by 4

':“_ units.
. Answers will vary. Three possible points are:
P (L3l - Xx=1+1=2 and y=2+4=6
IR I B R (2.6)
-5 L 5 x=2+1=3 and y=6+4=10
B (3.10)
sk x=3+1=4 and y=10+4=14
(4,14)
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32. Slope=2 :§ ; point: (-2,3)

If x increases by 1 unit, then y increases by 2
units.

Answers will vary. Three possible points are:
x=-2+1=-1and y=3+2=5

(-15)
x=-1+1=0 and y=5+2=7

(0.7)

x=0+1=1land y=7+2=9

(29)

3 .
33. SI =——=—:point: (2,—4
ope . point: ( )

If x increases by 2 units, then y decreases by 3
units.

Answers will vary. Three possible points are:
x=2+2=4 and y=-4-3=-7

(4-7)

Xx=4+2=6 and y=-7-3=-10
(6,—10)

x=6+2=8 and y=-10-3=-13
(8,-13)

34, Slope:%; point: (-3,2)

If x increases by 3 units, then y increases by 4
units.

Answers will vary. Three possible points are:
Xx=-3+3=0and y=2+4=6

(0.,6)

x=0+3=3 and y=6+4=10
(3,10)

x=3+3=6 and y=10+4=14
(6,14)

35.

36.

37.

38.

Section 2.2: Lines

Slope = -2 = _Tz ; point: (-2,-3)

If X increases by 1 unit, then y decreases by 2
units.

Answers will vary. Three possible points are:
x=-2+1=-1and y=-3-2=-5

(-1-5)

X=-1+1=0 and y=-5-2=-7
(0.7)

x=0+1=1and y=-7-2=-9

(£-9)

Slope =-1= _Tl ; point: (4,1)

If x increases by 1 unit, then y decreases by 1
unit.

Answers will vary. Three possible points are:
Xx=4+1=5and y=1-1=0

(5.)

x=5+1=6 and y=0-1=-1
(6:-1)

X=6+1=7 and y=-1-1=-2
(7.-2)

(0, 0) and (2, 1) are points on the line.
1-0 1
Slope=—-—-==
2-0 2
y-intercept is 0; usingy =mx+b:
1
=—x+0
Y 2

2y =x
0=x-2y

x—2y=0 or y:%x

(0, 0) and (-2, 1) are points on the line.

Slope = 10 _1_1
-2-0 =2 2
y-intercept is 0; usingy =mx+b:

1
y:—5x+0

2y =—X

X+2y=0

X+2y=0 or y:—%x
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Chapter 2: Graphs

39. (-1, 3) and (1, 1) are points on the line. 44, y—y =m(x—x), m=1
S|0pe: 1-3 :__2:_1 y—lzl(X—(—l))
1-(-) 2 y-1=x+1

Usingy -y, = m(x—X) y=X+2
y-1=-1(x-1) X—y=—2 0ry=x+2
y-1l=-x+1

y=—X+2 45. Slope = 3; containing (-2, 3)
X+y=2 0ry=-x+2 Y=Y =mx=x)

y-3=3(x-(-2)
40. (-1, 1) and (2, 2) are points on the line. y—3=3x+6
2-1 1
P 2-(-1) 3

) 3X—y=-9 or y=3x+9
Usingy —y; = m(x—X)

1 46. Slope = 2; containing the point (4, -3)
y—lzg(x—(—l))

Y=Y =m(X—%)
y_lzl(x+1) y—(=3)=2(x-4)
3 y+3=2x-8
y—l——x+1 y=2x-11
! i 2x—y =11 or y=2x-11
y==X+—
3 3

47. Slope = —%; containing (1, -1)

Y=Y =m(x=x)
41, y—y, =m(x—x), m=2 y_(_1)=——2(x—1)
y—3=2(x-3) 3
22
y—-3=2x-6 y+l=——x+=
3 3
y=2x-3 > 1
2x—y=3 or y=2x-3 y:—gx—§
42. y-yp=m(x—x), m=-1 2x+3y=-1 or y:——zx—1
y—-2=-1(x-1) 3 3
y—-2=-x+1 1
y=-X+3 48. Slopezi;containing the point (3, 1)
X+y=3 o0or y=—x+3 Y-y, =m(x—x)
1
1 -1==(x-3
43. y-y =m(x-x), m=—— y 2( )
2
1 y_l—lx_g
y-2=--(x-1) 2" 2
2
1 1
1 1 y==x-=
y—2=—=X+= )
2 2 L1
y——£x+5 x—2y=1 or y=Sx—3
2 2
1 5
X+2y=5o0r y=—=x+—
y y 5%t
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49.

50.

51

52.

53.

Containing (1, 3) and (-1, 2)
2-3 -1 1
m=s———=—=—
-1-1 -2 2
Y=Y =m(X=%)

1
—3==(x-1
y 2()

Containing the points (-3, 4) and (2, 5)

5-4 1
m= =—
2-(-3) 5
Y=Y =m(x—x)

1
-5==(x-2
y 5( )

1 23
X=5y=-23 or y=—X+—
y y 5 5
Slope = -3; y-intercept =3
y=mx+b
y=-3x+3

3Xx+y=3 or y=-3x+3

Slope = -2; y-intercept = -2
y=mx+b
y=-2X+(-2)

2X+y=—-2 or y=-2x-2

X-intercept = 2; y-intercept = -1
Points are (2,0) and (0,-1)

-1-0 -1 1
Mm=s=s———=—=—
0-2 -2 2
y=mx-+b
1
=—x-1
y 2

X—-2y=2 or y:%x—l

54.

55.

56.

57.

58.

59.

60.

61.

Section 2.2: Lines

x-intercept = —4; y-intercept = 4
Points are (-4, 0) and (0, 4)
4-0 4
m= = —
0-(-4) 4
y=mx-+b
y=1x+4
y=x+4
X—y=—-4 or y=x+4

Slope undefined; containing the point (2, 4)
This is a vertical line.
X=2 No slope-intercept form.

Slope undefined; containing the point (3, 8)
This is a vertical line.
x=3  No slope-intercept form.

Horizontal lines have slope m =0 and take the
form y =b. Therefore, the horizontal line

passing through the point (-3,2) is y =2.

Vertical lines have an undefined slope and take
the form x = a . Therefore, the vertical line

passing through the point (4,-5) is x=4.

Parallel to y =2x; Slope =2

Containing (-1, 2)

Y=Y =m(X—%)
y—2=2(x-(-1)
y—2=2X+2—>y=2x+4

2X—y=—4 or y=2x+4

Parallel to y =-3x; Slope = -3; Containing the
point (-1, 2)
Y=Yy =m(x—x)
y—2=-3(x-(-1))
y-2=-3x-3—->y=-3x-1
3Xx+y=-1or y=-3x-1

Parallel to 2x—y=-2; Slope =2
Containing the point (0, 0)

Y=Y =m(x—x)
y—-0=2(x-0)
y =2X

2x—y=0 or y=2x
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Chapter 2: Graphs

62.

Parallel to x—2y=-5;
Slope = %; Containing the point (0,0)
Y=Y =m(X—%)

1 1
-0==—(x-0)>y==x
y 2( )y 5

x—=2y=0 or y:%x

67.

Perpendicular to 2x+ y = 2; Containing the
point (-3, 0)

Slope of perpendicular :%
Y=Y =m(X—X)
1 1 3
—0==(X-(3) > y==x+—
y 2( (=3)—>y X+

X—2y=-3 or y:%x+g

63. Parallel to x=5; Containing (4,2)
This is a vertical line. 68. Perpendicular to x—2y =-5; Containing the
x=4 No slope-intercept form. point (0, 4)
Slope of perpendicular = -2
64. Parallel to y =5 ; Containing the point (4, 2) y=mx+b
This is a horizontal line. Slope =0 y=-2x+4

65.

66.

y=2

Perpendicular to y = %x +4; Containing (1, -2)

Slope of perpendicular = -2
Y=Yy =m(X—%)
y-(-2)=-2(x~1)
Yy+2=-2X+2—>y=-2X
2X+y=0 or y=-2x

70.

2X+y=4 or y=-2x+4

Perpendicular to x =8; Containing (3, 4)
Slope of perpendicular = 0 (horizontal line)
y=4

Perpendicular to y =8;

Containing the point (3, 4)

Slope of perpendicular is undefined (vertical
line). x=3 No slope-intercept form.

Perpendicular to y = 2x—3; Containing the 71. y=2x+3; Slope = 2; y-intercept = 3
point (1, -2) _
Slope of perpendicular = —%
Y=Yy =m(X—x)
1
-(-2)=-=(x-1
y-(=2) 2( )
+2——1x+£—> —_lx_g
y 2 2 y 2 2
X+2y=-3 or y:—%x_g
72. y=-3x+4; Slope = -3; y-intercept = 4
.4
(1.1)
1 L1 11 W | l, .;_J_f
= 5
(2,-2)
-5
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Section 2.2: Lines

73. %y:x—l; y=2Xx-2 77. X+2y=4; 2y:—x+4—>y:—%x+2
Slope = 2; y-intercept = -2
P ); P Slope = 1 ; y-intercept = 2
1 2
5

¥

‘\5
S (1|0|)|é§ (U.z)t\(ﬁ;\lj
[’ 1 11 1 1 |

| [
-5 4,00

T T T T

=5

1 1
T4, —X+y=2;, y=——X+2
3 y Y 3

1 78. —X+3y:6;3y:x+6—)y:lx+2
Slopez—g; y-intercept = 2 3

Slope :% ; y-intercept = 2

5

h
\ Py
(_3‘ 3) (0. 2) a (3. l) —
I - L 11 ;f }_

YA

-5 5 3.1

-2

T T T
|
¥

-5

75. y:%x+2; SIope:%;y-intercept:Q

79. 2x-3y=6,; -3y=-2x+6—> yzéx—z

5
B 2. .
(©,2) (2. 3) Slope = 3 ; y-intercept = -2
! |%_| L1 X y

5

_ (s,M
5 | I T T A | I..’-_t

-5

0,-2)
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Chapter 2: Graphs

84. y=-1; Slope = 0; y-intercept =-1

80. 3x+2y=6; 2y:—3x+6_>y:_gx+3

YA
3. ST
Slope = - ; y-intercept = 3 -
yj\ :
\_ I T Y Y Y T
n _5 S o
(0, 3) h o, -
[ | —
-5 -5
85. y=5; Slope =0; y-intercept =5
-5 YA
8.—
8l. x+y=1; y=-x+1 I
. (0, 5)
Slope = -1; y-intercept = 1 “ >
YA ~
HL L

"L:

T

T

(0, 1) -5 B
1 [ -2

-2 (1, 0N\ 2
N 86. x=2; Slope is undefined
y-intercept - none
i, 3 - ."‘Jk A
ﬁ_
82. x-y=2;y=x-2 -
Slope = 1; y-intercept = -2 B
YA I Y Y
s r - o)’
||1||_|||)|S’C =1 !

87. y—x=0;y=x
Slope = 1; y-intercept =0

Y

ol

83. x=-4; Slope is undefined

y-intercept - none (2.2)

L) -\

N P o O O O
-5 (0,00 5

5

T LTI T T=

111 |1151J' -
(—4,0) ]

|
-
| L

Lh
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88.

89.

90.

X+y=0; y=-x
Slope = -1; y-intercept =0
y

2y-3x=0; 2y=3x—> yzgx

Slopezg; y-intercept =0
y
5
2,3)
|||ﬁ0'10)||||1__§
-5 5
-5

3x+2y=0; 2y:—3x—>y:—%x

Slope = —g ; y-intercept =0

v

n l

T
FJ
fad
o
T T T 11

199

91.

92.

Section 2.2: Lines

x-intercept: 2x+3(0) =6
2Xx=06
Xx=3

The point (3,0) is on the graph.
y-intercept: 2(0)+3y =6
3y=6
y=2

The point (0,2) is on the graph.

0.2) TN\ 3.0
1 1

|
]
h

T TTT

x-intercept: 3x—2(0) =6
3x=6
X=2
The point (2,0) is on the graph.
y-intercept: 3(0)-2y =6
-2y=6
y=-3
The point (0,-3) is on the graph.
y
5

(0, =3)
/
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Chapter 2: Graphs

93. a. x-intercept: —4x+5(0) =40
_4x = 40
x=-10
The point (-10,0) is on the graph.
y-intercept: —4(0)+5y =40
5y =40
y=8
The point (0,8) is on the graph.

b_ Vi
10 /
(0, 8)

1.0 A T

10 10

-10

94. a. x-intercept: 6x—4(0) =24
6x =24
x=4
The point (4,0) is on the graph.

y-intercept: 6(0)—4y =24

-4y =24
y=-6
The point (0,-6) is on the graph.
b. Y
4

[4.()/_
N N O N " .

200
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95.

96.

x-intercept: 7x+2(0) =21
x=21
x=3

The point (3,0) is on the graph.
y-intercept: 7(0)+2y =21
2y =21
21
T2

The point

7N\

O%} is on the graph.

x-intercept: 5x+3(0)=18
5x =18

18

X=—

5

The point (%Oj is on the graph.

y-intercept: 5(0)+3y =18
3y =18
y==6
The point (0,6) is on the graph.

~10
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97.

98.

. 1 1
x-intercept: —x+—=(0)=1
pt: 5 x+2(0)

1x:l
2
X=2
The point (2,0) is on the graph.
. 1 1
-intercept: —(0)+=y =1
y p 2( ) 3Y

1
Zy=1
3

y=3
The point (0,3) is on the graph.

."I\
(0,3)

x-intercept: x—%(o) =4

x=4
The point (4,0) is on the graph.
y-intercept: (O)—% y=4

2
_fy=4
3y

y=-6

The point (0,-6) is on the graph.

(0, —f!/} -

99.

100.

101.

102.

103.

Section 2.2: Lines

a. x-intercept: 0.2x—0.5(0) =1
0.2x=1
X=5
The point (5,0) is on the graph.
y-intercept: 0.2(0)-0.5y =1
-0.5y=1
y=-2
The point (0,-2) is on the graph.

(5.0)
| 1

T2

|
v

|
:_:\

|
o
I

a. x-intercept: —0.3x+0.4(0)=1.2
-0.3x=1.2
X=-4

The point (—4,0) is on the graph.
y-intercept: —0.3(0)+0.4y =1.2
04y=12

y=3

The point (0,3) is on the graph.

b, 7

5+
(t).SJ/
-;//_llll‘ N

-5
] L1
/—4. 0) x

— n

T T TT

The equation of the x-axis is y =0. (The slope
is 0 and the y-intercept is 0.)

The equation of the y-axis is x=0. (The slope
is undefined.)

The slopes are the same but the y-intercepts are
different. Therefore, the two lines are parallel.
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Chapter 2: Graphs

104.

105.

106.

107.
108.
1009.
110.

111.

112.

113.

The slopes are opposite-reciprocals. That is, their
product is —1. Therefore, the lines are
perpendicular.

The slopes are different and their product does
not equal —1. Therefore, the lines are neither
parallel nor perpendicular.

The slopes are different and their product does

not equal —1 (in fact, the signs are the same so
the product is positive). Therefore, the lines are
neither parallel nor perpendicular.

(b)

(©

(d)

(@)

R=(-25), P, =(13): ml—_‘r’z;fl:__s__é
R, =(13), P, =(-10) mz—%—g

Since m, -m, =-1, the line segments @ and

P,P; are perpendicular. Thus, the points B, P,,
and P, are vertices of a right triangle.

Plz(l,—l), PZ:(4,1), R=(22), P4=(5,4)

1-(-1) 2 4-1
= =— =——=3;
M2 =31 T3 ™75y
—2 2 2-(-1)
—-=-=. = =3
M =5 573 MT 5

Each pair of opposite sides are parallel (same
slope) and adjacent sides are not perpendicular.
Therefore, the vertices are for a parallelogram.

a1 3 0 ™I
Opposite sides are parallel (same slope) and

adjacent sides are perpendicular (product of slopes
is —1). Therefore, the vertices are for a rectangle.

114.

115.

116.

117.

118.

le_ﬂ_‘?’; m23=;3=—l,
1-0 4-1 3

my =2 g g 101
3-4 3-0 3

~1-2)° =\1+9 =410
Ay =/(3-0)* +(~1-0)* =y/9+1=+10

Opposite sides are parallel (same slope) and
adjacent sides are perpendicular (product of
slopes is —1). In addition, the length of all four
sides is the same. Therefore, the vertices are for a
square.

Let x = number of miles driven, and let C = cost
in dollars.

Total cost = (cost per mile)(number of miles) +
fixed cost

C=0.20x+29

When x =110, C =(0.20)(110) +29 = $51.00 .
When x = 230, C =(0.20)(230) +29 = $75.00 .

Let x = number of pairs of jeans manufactured,
and let C = cost in dollars.

Total cost = (cost per pair)(number of pairs) +
fixed cost

C =8x+500

When x = 400, C = (8)(400)+500 = $3700..
When x = 740, C = (8)(740)+500 = $6420 .

Let x = number newspapers delivered, and

let C = cost in dollars.

Total cost = (delivery cost per paper)(number of
papers delivered) + fixed cost

C =0.53x+1,070,000

Let x = profit in dollars, and let S = salary in
dollars.

Weekly salary = (% share of profit)(profit) +
weekly pay

S =0.05x + 375
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119. a. C=0.08275x+7.58; 0<x<400

b. YA
40
30F

Cost
(dollars)

20
10,

] ] ] ] X
0 100 200 300 400

kW-hr

c. For 100 kWh,
C =0.08275(100) + 7.58 = $15.86

d.  For 300 kWh,
C =0.08725(300) + 7.58 = $32.41

e. For each usage increase of 1 kWh, the
monthly charge increases by $0.08275
(that is, 8.275 cents).
120. a. C=0.1007x+5.17; 0<x <1000
b. y.il
110
100
90
80

Cost (dollars)
=
=

| | | L X
0 250 500 750 1000
kW-hr

c. For 200 kwh,
C= 0.1007(200)+ 5.17=$25.31

d. For 500 kWh,
C =0.1007(500)+5.17 = $55.52
e. For each usage increase of 1 kWh, the

monthly charge increases by $0.1007
(that is, 10.07 cents).

121.

122.

Section 2.2: Lines

(°C,°F)=(0,32); (°C,°F)=(100,212)
212-32 180 9

slope = ===
100-0 100 5

°F —32:%(%—0)

9
°F-32==(°C
5( )
5
°C==—(°F-32
9( )
If °F =70, then

5 5
°C =>(70-32) =—(38

9( ) 9( )
°C ~21.1°

a. K=C+273

b. °C :g(°F ~32)

K =§(°F ~32)+273

160

K=20F -—=4+273
9

oF + 2220
9

K =5 (5°F +2297)

s
9
« _Sop , 2297
9
1

123. a. The y-interceptis (0, 30), so b = 30. Since

the ramp drops 2 inches for every 25 inches

of run, the slope is m= =2 = —i. Thus,
25 25

L 2
the equation is y =——x+30.
q y 5

b. Lety=0.
O:—£x+30
25
2

—x=30
25

(2,153
2\25 2

x =375
The x-intercept is 375. This means that the

ramp meets the floor 375 inches (or 31.25
feet) from the base of the platform.
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Chapter 2: Graphs

c. No. From part (b), the run is 31.25 feet which 125. a. Letx=number of boxes to be sold, and
exceeds the required maximum of 30 feet. A = money, in dollars, spent on advertising.
d. First, design requirements state that the We have the points _
maximum slope is a drop of 1 inch for each (x1, Ay) = (100,000, 40, 000);
12 inches of run. This means |m| <L (X2, Az) = (200,000, 60,000)
Second. the run i ted 10 12 Slope 60,000 — 40,000
econd, the run is restricted to be no more = —
than 30 feet = 360 inches. For a rise of 30 200,000-100,000
inches, this means the minimum slope is — 20,000 =1
100,000 5
ﬂ=i. That is, |m| 2%. Thus, the 1
360 12 A—40,000 = =(x—100,000)
. . 1 5
only possible slope is |m| = o The 1
diagram indicates that the slope is negative. A-40,000 = 557 20,000
Therefore, the only slope that can be used to 1
obtain the 30-inch rise and still meet design A= s x+20,000
. . 1
requirements is m = 12 In words, for b. If x = 300,000, then
every 12 inches of run, the ramp must drop 1 B
exactly 1 inch. A_§(300'000)+20'000 =$80,000
124. a. The year 1998 corresponds to x = 0, and the c.  Each additional box sold requires an
year 2005 corresponds to x = 7. Therefore, additional $0.20 in advertising.
the points (0, 42) and (7, 22) are on the line.
22_42 20 126. Find the slope of the line containing (a,b) and
Thus, m= =—— The y-intercept
7-0 7 (b,a):
is 42, so b = 42 and the equation is a—b
20 slope=——=-1
y=——x+42 b-
7 The slope of the line y=x is 1.
b. x-intercept: 0= _20 4 Since —1-1=-1, the line containing the points
7 (a,b) and (b, a) is perpendicular to the line
?x =42 y=x.
The midpoint of (a,b) and (b, a) is
2007 7)) 20 M = (a% %aj .
x=14.7

y-intercept: y = —?(0) +42=42

The intercepts are (14.7, 0) and (0, 42).

c. The y-intercept represents the percentage of
teens in 1998 who had recently used
cigarettes. The x-intercept represents the
number of years after 1998 when 0% of
teens will have recently used cigarettes.

d. The year 2019 corresponds to x = 21.

y = —§(21)+42 = -60+42=-18

This prediction is not reasonable because the
percent cannot be negative.

204

Since the coordinates are the same, the midpoint
lies on the line y = x.
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127.

128.

2x-y=C

Graph the lines:

2X—-y=-4

2x-y=0

2X—y=2

All the lines have the same slope, 2. The lines
are parallel.

2c-y=-4
3 2-y=0
5
0,4
© x-y=12

-2,0) ~
L L [
no 3

¥

- 02

Refer to Figure 33.

length of OA=d (0,A) =4 1+m’
length of OB = d(0,B)=41+m,’
length of AB = d(AB)=m-m,
Now consider the equation

(\/1+ m,? )2 +(\/1+ my’ )2 =(my - m2)2

If this equation is valid, then AAOB is a right
triangle with right angle at vertex O.

(\/1”“12 )2 +(\/1+m22 )2 =(m —m2)2

1+m? +1+m,® =m? —2mm, +m,?

2+m?+my?2 =m?-2mm, +m,?
But we are assuming that mym, = -1, so we
have
2+m? +my? =m? —2(~1)+m,?
2+m?+m? =m?+2+m)?

0=0
Therefore, by the converse of the Pythagorean
Theorem, AAOB is aright triangle with right

angle at vertex O. Thus Line 1 is perpendicular
to Line 2.

Section 2.2: Lines

129. (b), (c), (e) and (g)

The line has positive slope and positive
y-intercept.

130. (a), (c), and (g)

The line has negative slope and positive
y-intercept.

131. (c)

132

133
136

137

The equation x—y =-2 has slope 1 and y-
intercept (0, 2). The equation x—y =1 has
slope 1 and y-intercept (0,—1). Thus, the lines

are parallel with positive slopes. One line has a
positive y-intercept and the other with a negative
y-intercept.

- (d)
The equation y—2x =2 has slope 2 and y-
intercept (0, 2). The equation x+2y =-1 has

slope —% and y-intercept (0,—%}. The lines

are perpendicular since 2[—%) =-1. One line

has a positive y-intercept and the other with a
negative y-intercept.

—135. Answers will vary.

. No, the equation of a vertical line cannot be
written in slope-intercept form because the slope
is undefined.

. No, a line does not need to have both an x-
intercept and a y-intercept. Vertical and
horizontal lines have only one intercept (unless
they are a coordinate axis). Every line must have
at least one intercept.

138. Two lines with equal slopes and equal

y-intercepts are coinciding lines (i.e. the same).

139. Two lines that have the same x-intercept and y-

205

intercept (assuming the x-intercept is not 0) are
the same line since a line is uniquely defined by
two distinct points.
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Chapter 2: Graphs

140. No. Two lines with the same slope and different x- - 4-2 _6 3
. - . 142 _ y2 yl _ _ —
intercepts are distinct parallel lines and have no - M= =7 "5
. X, =% 1-(-3) 4 2
points in common. ]
Assume Line 1 has equation y =mx+b, and Line It appears that the student incorrectly found the
. slope by dividing the change in x by the change
2 has equation y =mx+Db,, iny
Line 1 has x-intercept —ﬁ and y-intercept b, .
m
Line 2 has x-intercept 2 ang y-intercept b, . Section 2.3
m
Assume also that Line 1 and Line 2 have unequal 1. add; 25
x-intercepts. 2
If the lines have the same y-intercept, then b, =b, . 2. (x=2)"=9
b b X—2=1:/9
bl:szﬂ:_zj_ﬂ:__z _
by b, . . Xx=2+3
But —— =—-—== Line 1 and Line 2 have the X=5 or x=-1

m m
same x-intercept, which contradicts the original
assumption that the lines have unequal x-intercepts.

The solution set is {-1, 5}.

2 2
Therefore, Line 1 and Line 2 cannot have the same 3. False. Forexample, x°+y“ +2x+2y+8=0
y-intercept. is not a circle. It has no real solutions.
141. Yes. Two distinct lines with the same y-intercept, 4. radius

but different slopes, can have the same x-intercept

Ce2 _
if the x-interceptis x=0. 5 True; r"=9—-r=3

Assume Line 1 has equation y =m,x+b and Line 6. False; the center of the circle
2 has equation y =m,x+b, (x+3)2 +(y—2)2 =13 is (-3,2).
Line 1 has x-intercept —i and y-intercept b . 7. Center=(2,1)
My Radius = distance from (0,1) to (2,1)
Line 2 has x-intercept _b and y-intercept b . - /(2_0)2 +(1-12=V4=2
m,
Assume also that Line 1 and Line 2 have unequal Equation: (x—2)*+(y-1)>=4

slopes, that is m; = m,.

If the lines have the same x-intercept, then 8. Center = (1, 2)

Radius = distance from (1,0) to (1,2)

b b
moom, =J1-1)2+(2-0)2 =4=2
b b Equation: (x-1)? +(y-2)* =4
mm o
—myb = —mb 9. Center = midpoint of (1, 2) and (4, 2)
2 _(14+4 242\ _ (5
-m,b+mb=0 =\ —(5,2)
But —myb+mb=0=b(m-m,)=0 Radius = distance from (% 2) to (4,2)
=b=0
— _ 2
_ -orml m =0=m =m, - (4_§J +(2_2)2:\/§:§
Since we are assuming that m; = m,, the only way 2 4 2
that the two lines can have the same x-intercept is 2 9
if b=0. Equation: (x——) +(y—2)° :Z

206

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Section 2.3: Circles

10. Center = midpoint of (0, 1) and (2, 3) 13. (x—h)?+(y—k)? =r?
:(OLzZ’%}(M) (x=0)" +(y-2)° =2°
X2 +(y—2)%2=4

Radius = distance from (1,2) to (2,3)
General form: x* +y? —4y+4=4

_ f(o_12 N2 _
= (2 1) +(33-2 =2 X2 +y?—4y=0

Equation: (x—1)° +(y-2)* =2 A
5_
2 2 2

11. (x-h)*+(y-k) =r ©.2) [
(x-0)?+(y-0)*=2? f

2 2 L1l 111 |_ .‘.E

X“+y° =4 -5 - >

General form: x*+y*—-4=0 B
.\"Ii __
5 =T

14. (x—h)2+(y—-k)? =r?

0,0
_ %ﬁqﬂ (x=1)%+(y-0)* =3
-5 [ 5
(x-1)2+y*=9

B General form: x* —2x+1+y* =9

Sr x2+y?—2x-8=0
2 2 2 A
12. (x-h)*+(y-k) =r s
(x—0)?+(y-0)* =3 B
X +y?=9
General form: x> +y?-9=0 =
YA
5 B
B <
N A/ uih W 15. (x—h)2+(y—k)? =r?

| »>
YA (-4 + (- (-3 =5

(x=4)2 +(y+3)*> =25
-5t General form:
X2 —8x+16+y2 +6y+9=25

X2 +y?—8x+6y=0

yi

L IN g

.
. -3)

-8

207
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Chapter 2: Graphs

16. (x—h)®+(y-k)*=r? 19. (x—h)?+(y—k)* =r?
(x=2)° +(y-(-3)* =4 12 (1Y
2 2 (X——J +(y-0) :(_j
(x—=2)?+(y+3)> =16 > >
General form: x* —4x+4+y*+6y+9=16 (X 1J2+y2_1
X2 +y?—4x+6y-3=0 4

% General form: xz—x+1+y2:1
2 4 4
= - X2 +y>-x=0
N y
_ 21
sk B
! ! ) L X
17. (x=h)? +(y—k)?> =r? ;) \_\/ 2
1 A
(x—(-2)2 +(y-1)% = 4 . (5.0)
(x+2)2 +(y-1)° =16 ,
General form: x* +4x+4+y*> -2y +1=16 -

X2 +y? +4x-2y-11=0

1

20. (x—h)?+(y-k)*=r?

x2+(y+£j2 1
2 4

| | 3
/ 4 General form: ¥ + Y2 +y+ = = =
= 4 4
B X2 + y2 +y=0
.\",i
2—
18. (x—h)*+(y—k)* =r?
(x=(-5)*+(y-(-2))* = 7* -
(x+5)2 +(y+2)* =49 ! | | L
General form: x* +10x+ 25+ y? +4y+4 =49 2 Q) 2
X2 +y2+10x+4y—-20=0 ((]ﬁ_%]
_1'1 \ 2
10 ok

21. x*+y?=4
X2 +y?=2

a. Center: (0,0); Radius=2

-15

2

IIIIZH'IIIIIIII
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Section 2.3: Circles

b. ) 23. 2(x-3) +2y* =8
57
= (x=3)*+y?=4
a. Center: (3,0); Radius =2
b. Y
5,
_ ~ (3.0)
- TN
c. x-intercepts: x* +(0)° =4 IR Y A AT
-5
X* =4 - U
X =4 =42 B
i 2 —4—
y-intercepts: (0)" +y“ =4
2_4 C. Xx-intercepts: (x—3)2 +(O)2 =4
y=+J4 =42 (x-3)° =4
The intercepts are (-2,0),(2,0), (0,-2), X—3=+J4
and (0,2). X—3=142
) ) Xx=3%2
22. X +(y—1) =1 Xx=5 or x=1
X+ (y-1)° =1° y-intercepts: (0-3)° +y? = 4
a. Center:(0,1); Radius =1 (_3)2 +y2=4
b. Y 9+y?=4
(0, 1) y2 =_5
g No real solution.
i i The intercepts are (1,0) and (5, 0).
- 24. 3(x+1)° +3(y-1)° =6
2+ (x+1)2+(y—1)2:2
c. x-intercepts: X2 +(0—1)% =1 a. Center: (-1,1); Radius = V2
2 +1=1 b. A
X2 =0 T
-1,1
x=+/0=0 - ALD
y-intercepts: (0)2 +(y-1)%=1 (o; ’
Ll UNC L) X
(y-1*=1 -5 B 5
y—1=J_r\/i B
y-1=+41 4+
y=1+1
y=2 or y=0

The intercepts are (0,0) and (0,2).

209

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Chapter 2: Graphs

c. x-intercepts: (x+1)2 +(O—1)2 =2
(x+1)" +(-1)° =2

(x+1)*+1=2

(x+1)* =1

Xx=0 or x=-2

|
(=Y
N S S N
N
Il
H H+ P NN

|
< P P
Il

0
The intercepts are (-2, 0), (0, 0), and (0,2).

25. x*+y?-2x-4y-4=0
X2 —2x+y*-4y=4
(X2 =2x+1)+(y? -4y +4)=4+1+4
(x-D?+(y-2*=3
a. Center: (1, 2); Radius=3
b. g

4l

c. x-intercepts: (x—1)* +(0-2)? =3
(x=1)?+(-2)* =3
(x=1)° +4=9
(x-1)* =5
x—1=4_r\/§
x=1+5

y-intercepts: (0-1)* +(y-2)* =3°
D?+(y-2° =%
1+(y-2)* =9
(y-2)° =8
y-2=+8
y—2=422
y=2+22
The intercepts are (1—\/5, 0), (l+ 5, 0),

(o, 2—2x/§),and (0, 2+2J§).

26. X2 +y? +4x+2y—-20=0
X2 +4x+y?+2y =20
(O +4x+4)+(y? +2y+1)=20+4+1
(x+2)% +(y+1)? =5°
a. Center: (-2,-1); Radius=5
b. Y

2

]

-
(-2.-1)

c. x-intercepts: (x+2)°+(0+1)* =5°
(x+2)?+1=25
(x+2)* =24
X+2=1/24
x+2=126
x=-2+26
y-intercepts: (0+2)? + (y+1)* =5°
4+(y+1)?=25
(y+1)?=21
y+1=+21
y=-1+21
The intercepts are (—2 ~24/6, 0),

(-2+2v86,0), (0,-1-V21), and
(0, —1+Jﬁ).
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Section 2.3: Circles

27. X2 +y?+4x—4y-1=0 c. x-intercepts: (x—3)? +(0+1)2 =12
X2 +4x+y?—4y=1 (x-3)*+1=1
(2 +4x+4)+(y* —4y+4) =1+4+4 (x-3)°=0
(x+2)° +(y-2)* =3 X-3=0
a. Center: (-2, 2); Radius = 3 x=3
b y y-intercepts: (0—3)2 +(y+1)% =12
- 9+(y+1)%=1
2
(-2,2) F (y+1) =-8
* r No real solution.
_|5 w_ L1 |5 . The intercept only intercept is (3,0).
B 29. X2 +y?—x+2y+1=0
sk X2 —x+y*+2y=-1

2 1 2 _ .1
c. x-intercepts: (x+2)?+(0-2)*=3? [X Xty +(y +2y+1)_—1+2+1

(c+2 +a=9 (2] (L)
(x+2)*=5 2 2
x+2=%5 a. Center: (L—lj ; Radius = 1
x=-2%/5 2 , 2
y-intercepts: (0+2) +(y—2)? = 3? b. \2 n
4+(y-2)y° =9
(y-27 =5 i
y-2=+5 -1 L1 ¢
y:Zi\/g i @ i
The intercepts are (—2—«/5, O), (% . —I)
(-2+5.,0), (0.2-+5), and (0,2++5). T

1y 1)
c. X-intercepts: (X—EJ +(0+1)? :(E]

28. X2 +y?—6x+2y+9=0

x2 —6x+y%+2y=-9 1) 1

(X2 —6x+9)+(y? +2y+1) =-9+9+1 (X——j +1:Z
(x=3)* +(y+1)* =1° 13

a. Center: (3,-1); Radius =1 (X 2) 4
b. ¥ No real solutions
g y-intercepts: (O—EJZ +(y +1)2 :[ljz

= 2 2

B 1 2 1

Llt g1 & Z+(y+1) T2

” - (W (y+1)° =0

B (3.-1) y+1=0

L y=-1

sk

The only intercept is (0,-1).
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Chapter 2: Graphs

30. x2+y2+x+y—%:0
2 2 1
XS+ X4y +y:5
(2 1 (2 1) 11 1
XEHX+= [+ Yy +y+= |[==+=+=
4 4) 2 4 4
2 2
(x+lj +(y+lj =1?
2 2
1
a. Center: (——,—E), Radius =
b. YA
2_

Il
[y
[N

2
y-intercepts: (0 + %j + ( y+

NI
+
7\
<
+
NP, NP N
N

I
~lw

(A2
= N

Il

[N

&

<

+
[
[

I+

A
H N
Py

y:

2
The intercepts are (_1_2\/5,0}, (_1“/5,0

2

[O, _1_\/5} and [O, _1“/5].
2 2

31.

2x2 +2y% —12x+8y—-24=0

X2 +y2—6x+4y=12
X2 —6x+y2+4y =12

(X —6x+9)+(y2 +4y+4)=12+9+4

a.

C.

32. a.

(x=3)? +(y+2)* =5
Center: (3,-2); Radius =5

h
S5+

x-intercepts: (x—3)% +(0+2)* =5
(x=3)*+4=25
(x—3)* =21
x—3=+21
x =3++/21

y-intercepts: (0—3)% +(y +2)* =5
9+(y+2)° =25

(y+2)* =16

y+2=+4

y=-2%4
y=2 or y=-6

The intercepts are (3—@, O), (3+\/2_1, O),
(0,-6), and (0, 2).
2x2 +2y* +8x+7=0

2x2 +8x+2y% =—

X2 +4x+y% =—

(X +4x+4)+y? =—%+4

:

V2
2

1
X+2) +y ==
(x+2)* +y? 5

N|§|

(x+2)2 +y? [

Center: (-2, 0); Radius =
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Section 2.3: Circles

b YA C. x-intercepts: (x+2)2 +(O)2 =22
5_
= (x+2)? =4
R0 L (x+2)" =+/4
B X X+2=%2
- B > X=—242
B x=0 or x=-4
L y-intercepts: (O+2)2 +y? =22
4+y*=4
c. x-intercepts: (x+2)%+(0)° =% y2=0
2 1 y=0
(x+2)" == .
2 The intercepts are (—4,0) and (0, 0).
x+2:i\/1 ) )
2 34. 3x°+3y°-12y=0
yooosY2 X2 +y? -4y =0
2 2,2
X +y —4y+4=0+4
2 zy y )
X:—ZiT x> +(y-2)" =4
y-intercepts: (0+2) +y? :% a. Center: (0,2); Radius: r=2
b. Y
4+y? =% =
y2 __Z (0,2) [
2 —
No real solutions. NP AN
-5 | 5
The intercepts are (—2—%, OJ and |
[—2+£, Oj. 5k
2
c. x-intercepts: x> +(0-2)> =4
33, 2x2+8x+2y2 =0 P ( 2 )
X2 +4x+y? =0 X2 t4=14
X2 +4x+4+Yy? =0+4 x* =0
(x+2)2+y2:22 x=0
: .02 2
a. Center: (-2,0); Radius: r=2 y-intercepts: 0 +(y-2)" =4
b. &4 (y-2)'=4
- —2=%

T T
I
< N DN
(]
N+

1
5 y=4
The intercepts are (0,0) and (0, 4).
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Chapter 2: Graphs

35.

36.

37.

38.

39.

40.

Center at (0, 0); containing point (-2, 3).

r=(-2-0)2+(3-0) =4+9 =13

Equation: (x—0)?+(y—0)? = (\/1_3)2
X2 +y% =13

Center at (1, 0); containing point (-3, 2).

r=(-3-1) +(2-0) =16+4 =20 =25

Equation: (x—1)? +(y—-0)* = (@)2
(x=1)2+y* =20

Center at (2, 3); tangent to the x-axis.
r=3

Equation: (x—2)2 +(y—3)? =3°
(x-2)?+(y-3)*=9

Center at (-3, 1); tangent to the y-axis.

r=3

Equation: (x+3)%+(y—-1)? =3?
(x+3)° +(y-1)%?=9

Endpoints of a diameter are (1, 4) and (-3, 2).
The center is at the midpoint of that diameter:

Center: (1+ (2_3) iz

2] (19

Radius: r=+/0—(-1)2+(4-3)2 =4+1=+5

Equation: (x—(=1)? + (y —3)? :(ﬁ)2
(x+1)%+(y-3)? =5

Endpoints of a diameter are (4, 3) and (0, 1).
The center is at the midpoint of that diameter:

Center: (ﬂﬂ

-2

Radius: r=+[(4-2)%+(3-2)? =J4+1=15

Equation: (x—2)% +(y—2)? :(\/3)2
(x=2)*+(y-2)* =5

41,

42,

43.

44,

45,

46.

47,

214

Center at (-1, 3); tangent to the liney = 2.
This means that the circle contains the point
(-1, 2), so the radius is r = 1.

Equation: (x+1)%+(y-3)? = (1)
(x+1)%+(y-3)?% =1

Center at (4, —2); tangent to the line x = 1.
This means that the circle contains the point
(1,-2), so the radius is r = 3.

Equation: (x—4)° +(y+2)* = (3)*
(x=4)? +(y+2)*=9

(c); Center: (1,-2); Radius =2

(d); Center: (-3,3); Radius =3
(b); Center: (-1,2); Radius =2
(a) ; Center: (-3,3); Radius=3

Let the upper-right corner of the square be the
point (x,y). The circle and the square are both

centered about the origin. Because of symmetry,
we have that x =y at the upper-right corner of

the square. Therefore, we get

X2 +y?=9
X2 +x2=9
2x2 =9
N

2

X_ﬁ_s«/i
2 2

The length of one side of the square is 2x. Thus,
the area is

, (.32) 2 _
A=s’=|2.2% :(3\/5) =18 square units.
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48. The area of the shaded region is the area of the

49.

circle, less the area of the square. Let the upper-
right corner of the square be the point (X, ).
The circle and the square are both centered about

the origin. Because of symmetry, we have that
X =y at the upper-right corner of the square.

Therefore, we get

Section 2.3: Circles

The circle representing Earth has center (—1,-2)

and radius = +4096 =64 .

So the radius of the satellite’s orbit is
64 +0.6 = 64.6 units.

The equation of the orbit is

(x+1)° +(y+2)° =(64.6)°

X2 +y2 =36 x> +y% +2x+4y-4168.16 =0
2 2
X“+Xx° =36
, 52. a. X2 +(mx+b)? =r?
2x° =36 2 2,2 2 _ .2
) XS+ moxXe +2bmx+b - =r
X =18 (L+m?)x? + 2bmx+b? —r? =0
X =32

The length of one side of the square is 2x. Thus,

2
the area of the square is (2-3\/5) =72 square

units. From the equation of the circle, we have
r =6 . The area of the circle is

xr? = z(6)? =367 square units,

Therefore, the area of the shaded region is
A=36z—72 square units.

The diameter of the Ferris wheel was 250 feet, so
the radius was 125 feet. The maximum height
was 264 feet, so the center was at a height of

264 —125 =139 feet above the ground. Since the

There is one solution if and only if the
discriminant is zero.

(2bm)? —4(1+m?)(b? —r?) =0

4b*m? — 4b? + 4r? —4b’m? +4m?*r? =0
—4b% +4r? +4m?r® =0
—b*+r*+m’r? =0

r’(1+m?) = b?

b. Using the quadratic formula, the result from

part (a), and knowing that the discriminant
is zero, we get:

(1+m?)x* + 2bmx+b? —r? =0

center of the wheel is on the y-axis, it is the point ‘= —-2bm  -bm —bmr®> —mr?
(0, 139). Thus, an equation for the wheel is: “2a+m?) (p2) b b
(x—0) +(y-139)" =1252 2
x? +(y-139)” = 15,625 mr?
y=m 5 +b
50. The diameter of the wheel is 153 meters, so the
radius is 76.5 meters. The maximum height is _-m*r? b -m?r? +b* r?
160 meters, so the center of the wheel is at a b o= b b

51.

height of 160—76.5 = 83.5 meters above the
ground. Since the center of the wheel is on the
y-axis, it is the point (0, 83.5). Thus, an equation
for the wheel is:

(x—0)’ +(y-83.5)" =76.52
x? +(y—835)" =5852.25

X2 +y? +2x+4y—4091=0

X2 +2X+ Y% +4y—4091=0

X2 +2x+1+y? +4y+4=4091+5
(x+1)" +(y+2)" = 4096

c. The slope of the tangent line is m.

The slope of the line joining the point of
tangency and the center is:

2
LA,
b rz. b 1

—mr?2 b — 2
( mr _OJ mr m
b

Therefore, the tangent line is perpendicular
to the line containing the center of the circle
and the point of tangency.
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Chapter 2: Graphs

53. x2+y2=9 2-k __,
Center: (0, 0) 0-h
Slope from center to (1, 2\/5) is 2-k=2h o )
The other tangent line is y =2x -7, and it has
2@—0:2«/522\/5. slope 2.
1-0 1 The slope from (h, k) to (3, 1) is 1
Slope of the tangent line is 1 —ﬁ 2
22 4 k1
Equation of the tangent line is: 3-h 2
J2 2+2k=3-h
Y—2*5=—T(X—1) 2k =1—h
V2 2 h=1-2k
y-22 = RSy Solve the two equations in h and k :
2-k=2(1-2k
4y 82 =—2x++2 ( )
5 7 2-k=2-4k
2X+4y=9J2 3k =0
k=0

54, x?+y® —4x+6y+4=0 h=1-2(0)=1
(X* —4x+4)+(y* +6y +9) =—4+4+9 The center of the circle is (1, 0).
(x=2)>+(y+3)* =9
Center: (2,-3)
Slope from center to (3, 2\/5—3) is

2/2-3-(-3) _2\2 23

56. Find the centers of the two circles:
X2 +y?—4x+6y+4=0
(X2 —4x+4)+(y* +6y+9)=—4+4+9
(x=2)2+(y+3)?=9

32 . Center: (2,-3
o NG enter: (2,-3)
Slope of the tangent line is;: —=—-—— s
242 4 X“+y +6x+4y+9=0
Equation of the tanjgnt line: (X% +6x+9)+ (Y2 +4y+4)=—9+9+4
y—(2\/§—3):—72(x—3) (x+3)? +(y+2)? =4
5 N C.enter: (-3,-2) . B
y-2v2+3= T Find the slope of the line containing the centers:
-2-(-3 1
4y—-8V2+12=—2x+3\2 m=%=—g
V2x+4y =112 -12 Find the equation of the line containing the
centers:
55. Let (h, k) be the center of the circle. 1
X—2y+4=0 y+3_—g(x—2)
2y =x+4 5y+15=—-x+2
X+5y=-13
y=%x+2 oy

The slope of the tangent line is % The slope

from (h, k) to (0, 2) is -2.
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Section 2.4: Variation

57. Consider the following diagram: 4., v=kt
* 16 = 2k

o - o o v =8t
(2.2)
> 5. A=kx?

47 =k(2)*
Therefore, the path of the center of the circle has Az =4k
the equation y =2. =K
)
58. C=2ar A=z
67 =271 6. V =k
bz _2zr 367 =k(3)®
2m 2m 367 = 27k
3=r
The radius is 3 units long. k :%_”:i,,
27 3
59. (b), (c), (e) and (g) 4
We need h,k >0 and (0,0) on the graph. V= E”X
60. (b), (e) and () ‘
Weneed h<0, k=0,and |h|>r. 7. de—2
61. Answers will vary. 10-X
2
62. The student has the correct radius, but the signs S
of the coordinates of the center are incorrect. The 10 = LS
student needs to write the equation in the 25
standard form (x—h)2+(y—k)2 =r?, k =250
) ) 250
(x+3) +(y-2)" =16 42
2 2
(x=(-3)) +(y-2)" =4 k
8. y=—
Thus, (h,k)=(-3,2) and r=4. Jx
k
4=—
NG
Section 2.4 4k
3
1. y=kx k=12
o . 12
2. False. If y varies directly with x, then y =kx, y= W
where k is a constant.
3. y=kx
2=10k
_2_ 1
10 5
y—lx
5
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Chapter 2: Graphs

— k%242 3
9. z—k(x +y) 13, Tzz%
5=k(3% +4?
. (2)
5 = k(25) 22 _
2
5 1 4
%5 .
1l
z_g(x +y ) 422
10. T=k(¥x)(d?) =8
8a
18=k(38)(%?) =T
18 =k (18)
1-k 14. 2* =k (x2+y2)
T =d?¥x 2° =k (9°+4%)
8=k(97
- (97)
11. M :W _ 8
97
2
24:@ ZS—E(XZ-‘,-yZ)
J9 97
16k
24 =—
3 15. vz%”r"
k:24(i]=g
216 2 16. c®=a’ +b?
9d
M=—o
2Vx 17. A:%bh
12. z=k(x*+y?
z (X +y) 18. p=2(1+w)
1=k(2°+3)
1=k(17) 19. F:(6.67x10_11)(wj
1 d
:E 2z
20. T="2=\1
z:i(x3+y2) V32
17
21. p =kB
6.49 = k (1000)
0.00649 =k
Therefore we have the linear equation
p =0.00649B .

If B=145000, then
p= 0.00649(145000) =$941.05.
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Section 2.4: Variation

22. p=kB If R=576, then
8.99 =k (1000) 576 = 12,288
0.00899 =k
Therefore we have the linear equation 5761 =12,288
p =0.00899B . | = 12,288 % inches
If B=175000, then ~ 576 3
p = 0.00899(175000) = $1573.25.
217. R=kg
23.  s=kt? 47.40 =k (12)
16 — k(1) 3.95=k
c 16( ) Therefore, we have the linear equation R =3.95¢g .

If t = 3 seconds, then s =16(3) =144 feet. 28. C=kA
If s = 64 feet, then 23.75=k (5)
64 = 16t> 475=Kk
2_2 Therefore, we have the linear equation C =4.75A.
t:+2 If A=3.5,then C =(4.75)(3.5) = $16.63.
Time must be positive, so we disregard t = -2. K
It takes 2 seconds to fall 64 feet. 29. D=—
p
24. v=kt a. D=156, p=2.75;
64=k(2
(2) 156— K
k=32 2.75
Therefore, we have the linear equation v = 32t. k = 429
If t = 3 seconds, then v =32(3)=96 ft/sec. . D 429
o, D=—.
25. E=kwW p
3= k(20) b. D =@:143 bags of candy
3 3
k=—
20 ‘
30. t=—

Therefore, we have equation s =16t

Therefore, we have the linear equation E = %W.

If W = 15, then E =2%(15) =225.

If g=10.5, then R =(3.95)(10.5) ~ $41.48.

S
a. t=40, s=30;

40 = L
30
26 RX k =1200
Ik So, we have the equation t = 1200 .
s
256 = i
1200 .
k =12,288 b. t=="—=30 minutes

Therefore, we have the equation R = 12’|288.
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Chapter 2: Graphs

31.

32.

33.

34.

© 2009 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently

v=X
P

V =600, P=150;

600 = LS
150

k =90,000

So, we have the equation V = @

90,000

If P=200,thenV = =450 cm®.

.ok
i=—
If i=30,R=8,then 30=% and k = 240.

So, we have the equation i = 2;;'0 .

If R=10, then i:%ozm amperes .

k

W = d—z

If W =125,d =3960 then

125 = K 5 and k =1,960, 200,000
3960

So, we have the equation W = r

At the top of Mt. McKinley, we have
d =3960+3.8=23963.8, so
1,960, 200,000

w 2
(3963.8)

~124.76 pounds.

k
d2
If 1 =0.075,d =2 , then

0.075= andk =03,
2

So, we have the equation | = ? .

If d=5,then | = g =0.012 foot-candle.

1,960, 200,000

220

35.

36.

37.

38.

39.

V = zr’h
v =2
3

k
d?
5K
3960
k = 862,488,000

W =

So, we have the equation W = 8622&
If d=3965, then
W= 862,488,000

239652 ~ 54.86 pounds.

F = kAV?
11=k(20)(22)?
11 = 9860k
111
9680 880

So, we have the equation F = L AVZ.
880

If A=47.125 and v=36.5, then

1 2
F=—(47.125)(36.5)" = 71.34 ds.
. (47.125)(36.5)" = 71.34 pounds

h =ksd®
36 =k(75)(2)°
36 = 600k
0.06 =k

So, we have the equation h = 0.06sd°.
If h=45and s=125, then

45 = (0.06)(125)d*
45=17.5d°

6=d°

d = %6 ~1.82 inches
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kT

)

k(300)
15

100 = 20k
5=k

40. V

100 =

So, we have the equation V = %

If V =80and T =310, then
80 — 5(310)
80P =1550

P= % =19.375 atmospheres

41, K=kmv®
1250 = k(25)(10)?
1250 = 2500k

k=05
2

So, we have the equation K =0.5mv*,

If m=25and v=15, then
K =0.5(25)(15)" = 2812.5 Joules

42. R=—

1.24 = 27Kk
=124
27
1.24
27d?

So, we have the equation R =

IfR=1.44 and d = 3, then

1241
27(3)°
144124
243

349.92 =1.24

= 349'22 ~ 282.2 feet

1.44

Chapter 2 Review Exercises

kpd
t
100 K25
0.75
75=125k

0.6=k

43. S=

So, we have the equation S = @

If p=40, d =8,and t =0.50, then
S 0.6(40)(8)

= 384 psi.
0.50 P

_ kwt?
|
2
-0

44. S

750 = 2k
375=k

2
So, we have the equation S = Srowt

If 1 =10, w=6, and t =2, then
_ 375(6)(2)?
10

S =900 pounds.

45 — 48. Answers will vary.

Chapter 2 Review Exercises

1. P, =(0,0) and P, =(4,2)

Ay 2-0 2 1
a. slope=—"="—="=2=
Ax 4-0 4 2

b. For every 2-unit change in x, y will change

by 1 unit.

2. B =(0,0) and P, =(-4,6)

Ay 6-0 6 3
a. slpe="L=——=—=-=
AX —4-0 -4 2

b. For every 2-unit change in x, y will change

by -3. units.
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Chapter 2: Graphs

3. B =(1-1)andP, =(-2,3) 8. y=>5x
X-intercepts: y-intercepts:
3—-(-1
a. slope:ﬂzﬁziz—i 0="5x y =5(0)
Ax -2-1 -3 3

b. For every 3-unit change in x, y will change The only intercept is (0, 0).

by —4. units. .
Test x-axis symmetry: Let y=-y
4. B =(-2,2)and P, =(1,4) -y =5x
y =—5x different
Ay 4-2 2 .
a. slope= w1 2) =3 Test y-axis symmetry: Let x =—x
y =5(-x)
b. For every 3-unit change in x, y will change y =-5x different
by 2 units. Test origin symmetry: Let x=—x and y=-y.
-y =5(-X)
5. P =(4,-4) and P, =(4,8 y
i=(4-4) > =(48) y=5x same
8—(-4 i igi
a. slope _Ay (-4) _ g undefined Therefore, the graph will have origin symmetry.
AXx  4-4 0 ) )
b. Anundefined slope means the points lie on a 9. x"+4y"=16
vertical line. For any change iny, there is x-intercepts: y-intercepts:
no change in x. X2 +4(0)2 =16 (0)2 +4y?=16
6. P =(-3,4) and P, =(2,4) x? =16 4y* =16
a slope—ﬂ— 4-4 _0 x= y =4
' Ax 2-(-3) 5 y=+2

b. A slope of zero means the points lie on a The intercepts are (~4,0), (4,0), (0,-2), and

horizontal line. For any change in x, there is (0,2).
no change iny. Test x-axis symmetry: Let y =—y
7. 2x=3y? X? +4(-y)* =16
x-intercepts: y-intercepts: x? +4y*=16 same
2x = 3(0)? 2(0) = 3y? Test y-axis symmetry: Let x = —x
2x=0 0=y? (—x)2 +4y*=16
x=0 y=0

. . X2 +4y*=16 same
The only intercept is (0, 0).

Test x-axis symmetry: Let y = —y Test origin symmetry: Let x=-x and y=-y.

(—x)* +4(-y)’ =16

2x =3(-y)*

2x =3y? same x?+4y?=16  same

Test y-axis symmetry: Let x = —x Therefore, the graph will have x-axis, y-axis, and
2(-x) =3y? origin symmetry.

—2x =3y? different
Test origin symmetry: Let x=—x and y=-y.
2(-x) = 3(-y)?

—2x =3y? different
Therefore, the graph will have x-axis symmetry.
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10.

11.

ox? — y*=9
X-intercepts: y-intercepts:
% —(0)* =9 9(0)*-y* =9
9x? =9 -y =9
x? =1 y?=-9
x==1 no real solutions

The intercepts are (—1,0) and (1, 0).
Test x-axis symmetry: Let y=-y
9x2 —(-y)* =9

9x?-y?=9 same

Test y-axis symmetry: Let x =—x
9(-x)*-y? =9

9x?2-y?=9 same

Test origin symmetry: Let x=—x and y=-y.

9(—x)" ~(-y)" =9
9x?-y?=9 same

Therefore, the graph will have x-axis, y-axis, and
origin symmetry.

y = x*+2x%2+1
x-intercepts: y-intercepts:
0=x*+2x>+ y = (0)*+2(0)*+1
0=(x2+1)(x2 +l) =1
x?+1=0
x2=-1

no real solutions
The only intercept is (0, 1).

Test x-axis symmetry: Let y=-y

—y=x*+2x%+1
y=—x*—2x*-1 different

Test y-axis symmetry: Let x =—x

y=(-x)*+2(-x)* +1

y=x*+2x% +1 same

Test origin symmetry: Let x=—x and y=-y.

—y=(—x)* +2(—x)* +1

—y=x*+2x% +1
y=—x*-2x*-1

different

Therefore, the graph will have y-axis symmetry.

12.

13.

Chapter 2 Review Exercises

y=x>-x

X-intercepts: y-intercepts:
0=x3-x y=(01°-0
0= x(x2 —l) =0

0=x(x+1)(x-1)
x=0,x=-1x=1
The intercepts are (-1, 0), (0, 0),and (1, 0).

Test x-axis symmetry: Let y=-y

—y=x-x
y=—x2+x different
Test y-axis symmetry: Let x =—x
y=(=%)° (%)
different

y=—x3+x
Test origin symmetry: Let x=—x and y=-y.
-y =(0° (%)
—y=—x*+x

y=x2—x same

Therefore, the graph will have origin symmetry.

X2 +x+y?+2y=0
x-intercepts: x> + x+(0)* +2(0) =0
X2 +x=0
X(x+1) =0
x=0,x=-1
y-intercepts: (0)> +0+y? +2y =0
y2+2y=0
y(y+2)=0
y=0y=-2
The intercepts are (-1, 0), (0, 0), and (0,-2).
Test x-axis symmetry: Let y=-y

X2+ X+ (=y)? +2(-y) =0

X2 +x+y2—2y=0 different
Test y-axis symmetry: Let x =—x
()2 +(=x)+y?+2y=0

X2 —x+y?+2y=0 different
Test origin symmetry: Let x=—x and y=-y.
(=% + (=) + (=)’ +2(-y) =0

X2 —x+y?-2y=0 different

The graph has none of the indicated symmetries.
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Chapter 2: Graphs

14. x> +4x+y>-2y=0

15.

16.

17.

18.

x-intercepts: x* +4x+ (0)> —2(0) =0
x2+4x=0
X(x+4)=0
x=0,x=-4
y-intercepts: (0)? +4(0)+y? -2y =0
y?-2y=0
y(y-2)=0
y=0,y=2
The intercepts are (-4, 0), (0, 0), and (0, 2).
Test x-axis symmetry: Let y=-y
X2 +4x+(—y)2 —2(-y) =0
X2 +4x+y?+2y=0 different
Test y-axis symmetry: Let x =—x
(—x)? +4(-x)+y* -2y =0
X2 —4x+y?—2y=0 different
Test origin symmetry: Let x=—x and y=-y.
(=97 +4(=) + (=)’ —2(-y) =0
X2 —4x+y*+2y=0 different

The graph has none of the indicated symmetries.

(x=h)? +(y—k)?> =r?
(x=(-2))" +(y-3)* = 42
(x+2)° +(y-3)" =16
(x=h)? +(y—k)?> =r?
(x=3)" +(y-4)" =4
(x=3)° +(y-4)’ =16
(x=h)? +(y—k)?> =r?
(x=(-1))" +(y-(-2))" =7’
(x+1)2+(y+2)2 =1
(x=h)?+(y-k)* =r?
(x-2) +(y=(-4)) =¥
(x—2)* +(y+4)* =9

224

19. X +(y-1)° =4

20.

X2 +(y-1)° =22
Center: (0, 1); Radius =2

)
5

(0, 1)
||I(ﬁlll"
5 g

—5 5

T |

IIII\

-5

x-intercepts: x? +(0-1)° = 4
X2 +1=4
x? =3
X =13
y-intercepts: 02 +(y-1)° = 4
(y-D*=4
y-1=42
y=1+2
y=3ory=-1
The intercepts are (—«/5, O), (\/5 O), (0,-1),
and (0, 3).

(x+ 2)2 +y?=9
(x+2)" +y? =3
Center: (-2, 0); Radius =3

5

(—2,0)

=

lII\L__MIII

-3

X-intercepts:
(x+2)*+02=9

y-intercepts:
(0+2)* +y2 =9

(x+2)* =9 4+y* =9
X+2=143 y? =5

x=1or x=-5
The intercepts are (-5, 0), (1,0), (0, —\/g), and

(0.45).
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Chapter 2 Review Exercises

21. x> +y?—2x+4y-4=0 x-intercepts: (x+2)2+(0—2)2 =3
X2 —2x+y?+4y =4 (x+2)*+4=9
(x2—2x+1)+(y2+4y+4)=4+1+4 (x+2)2:5
(x-1 +(y+2)’ = c+2= 145
Center: (1,-2) Radius =3 x_—2+J§

vV

5

y-intercepts: (0+2) (y 2) =

5 y-2=+5
(1. <2) y=2+5
g o The interceptsare( —2- \/—O) ( 2+4/5,0 )
x-intercepts: (x—1)° +(0+2)” =32 (0’ 2_*/5)' and (O' 2+*/—)-
~1)° +4=9
(x )+2 23. 3x%+3y? —6x+12y =0
(X_l) =5 2,2
T - X“+y —-2x+4y=0
T X2 —2X+y?>+4y=0
x=1++5 ) ,
y-intercepts: (0-1)° +(y+2)° =32 (X —2x+1)+(y +4y+4)=1+4
1+(y+2)2:9 (x—1)2+(y+2)2:(\/§)2
2
(y+2) =8 Center: (1,-2) Radius= /5
y+2=+/8 y
y+2=122 :
y:—ZiZ\/E

The intercepts are (l—\/g, 0), (l+ NGH O),
(0,.-2-2v2), and (0,-2+2V2).

2)
22. X2 +y2+4x—-4y-1=0
X2 +4x+y? —4y =1 x-intercepts: y-intercepts:
2 2
(x2+4x+4)+(y2—4y+4):1+4+4 (x=2° +(0+2)" =(¥5)"  (0-1)+(y+2)°=(v5)
(x+2)" +(y-2)" =3 (x-1 +4=5 1+(y+2)' =
Center: (-2,2) Radius =3 (x-1)° =1 (y+2)° =4
W x—1=+1 y+2=142
x=1+1 y=-242
[ Xx=2 or x=0 y=0 or y=-4
/1 1100 -j' The intercepts are (0,0), (2,0), and (0,-4).

T TTT
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Chapter 2: Graphs

24. 2x*+2y? —4x=0
X2 +y?-2x=0
X2 —2x+y*=0
(x2—2x+1)+ y? =1
(x-1)° +y2 =12

Center: (1,0) Radius=1

¥y

T TTT

(1, 0)
X

-
F

x-intercepts: (x—1)% + 02 =12
(x-1)° =1
x-1=+1

x=1£1
X=2 or x=0

y-intercepts: (0—1)2 +y2=y?

1+y® =1
y?=0
y=0

The intercepts are (0,0) and (2, 0).

25. Slope =-2; containing (3,-1)

y=Yi=m(x-x)
y—(-1)=-2(x-3)
y+1=-2x+6

y=-2X+5 or 2x+y=5
26. Slope = 0; containing the point (-5, 4)

Y= Y1 =m(x—x)
y—4=0(x—(-5))
y—-4=0

y=4

27. vertical; containing (-3,4)
Vertical lines have equations of the form x = a,
where a is the x-intercept. Now, a vertical line
containing the point (=3, 4) must have an
x-intercept of -3, so the equation of the line is
x =-3. The equation does not have a slope-
intercept form.

226
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28.

29.

30.

31.

x-intercept = 2; containing the point (4, -5)

Points are (2, 0) and (4, -5).

-5-0_ 5
m=s—m—=_=
4-2 2
Y=Yy =m(x-x)
5
—0=->(x-2
y 5(x=2)

y:—gx+5 or 5x+2y=10

y-intercept = —2; containing (5,-3)
Points are (5,-3) and (0,-2)
-2-(-3) 1 1
ms—oA—— ~ “—- — —_—
0-5 -5 5

y=mx-+b

y:—%x—Z or x+5y=-10

Containing the points (3,-4) and (2, 1)
1-(4) 5

m= —=-5
2-3 -1
y_y]_:m(x_xl)
y—(—4):—5(x—3)
y+4=-5x+15

y=-5x+11 or 5x+y=11

Parallel to 2x -3y =-4

2x-3y=-4
-3y =-2x-4
-3y -2x-4
3 -3
=2yt
3 3

Slope = %; containing (-5,3)

Y-y =m(x-x)
y—3=§(X—G5D
y—3=§(x+5)
y—3=§x+%

y:§x+% or 2x-3y=-19

exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



Chapter 2 Review Exercises

32. Parallelto x+y=2 35. 4x-5y=-20
X+y=2 -5y =-4x-20
y=—X+2 4
- - _ —_— 4
Slope = -1; containing (1,-3) y 5x+
Y=Yy, =m(x—x) slope = g; y-intercept = 4
y-(-3)=-1x-1)
y+3=—x+1 x-intercept: Lety=0.
y=—X—2 or X+y=-2 4x=5(0) =-20
4x=-20
33. Perpendicularto x+y=2 X=-5
X+y=2
y=-Xx+2

The slope of this line is -1, so the slope of a line
perpendicular to it is 1.
Slope = 1; containing (4,-3)
Y=Y =m(X—%)
y-(-3)=1(x-4)
y+3=x—4
y=X-7 or x-y=7

36. 3x+4y=12
34. Perpendicularto 3x—y=-4 4y =-3x+12
X-y=-4
y=3x+4
The slope of this line is 3, so the slope of a line

3
=——X+3
y 4

1 slope = —E; y-intercept = 3
perpendicular to it is Eh 4

x-intercept: Lety =0.

Slope = —%; containing (-2, 4) 3x+4(0)=12
3x=12
Y=Y =m(X-x) X=4
1
y-4=-2(x~(-2)
1 2
y 3 3
——EX 10 r x+3y=10
y 353 or x+3y=
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Chapter 2: Graphs

1 1 1 39. 2x-3y=12
37. =x—=—y=—= . .
2 3 6 X-intercept: y-intercept:
_1y:_gx_1 2x—3(0) =12 2(0) -3y =12
3 2 6 2x =12 -3y =12
3.1

y= 2 X +E X=6 y=-4
3 1 The intercepts are (6,0) and (0,—4).

slope = E; y-intercept =5 v

x-intercept: Lety =0.
1 1 1
—Xx-=0)=-=
2 3() 6

(6,0)

lxz_i =5
2 6

40. x-2y=8
x-intercept: y-intercept:
x—2(0)=8 0-2y=8
L Xx=8 y=-4
2 The intercepts are (8,0) and (0,—4).
VA
"
N (8,0)
3.1 L1011 I N
38. —Zx+5y—0 5 e
1 3
— :_X
2 y 4
y=—xX
3 1 1
= =y = 41, Zx+Zy=2
slope x y-intercept =0 2 %13 y
x-intercept: Lety = 0. x-intercept: y-intercept:
1 1 1 1
_EXJFl(O):O §X+§(O)=2 E(O)+§y:2
4 2
1 1
Zx=2 Zy=2
2" 37
x=4 y=6

The intercepts are (4,0) and (0, 6).

\G
(0, 6)
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1 1
42, —x-=-y=1

3 4y

X-intercept: y-intercept:

1.1 1 1

Zx—=(0) =1 ~(0)==y=1

3X-70) 30 -7y
1 1
§x—1 —Zy_l
x=3 y=-4

The intercepts are (3,0) and (0,—4).

TTTTT

(3,0)
1 1 |

|
h
-

/ (0. -4)

43. y=x3

B y=Vx
[ (1.1) 93

N (4,2) (%2
L1 111 I T N Y I
5 5 10

Chapter 2 Review Exercises

45. slope = % containing the point (1,2)

vr

46. Endpoints of the diameter are (-3, 2) and (5,-6).
The center is at the midpoint of the diameter:

—3+5 2+(-6)

Center:[ 5 TJ:(l,—z)

Radius: r=+/(1—(-3))> + (- 2—2)?
= /16+16
=\32=42

Equation: (x—l)2 +(y+2)2 = (4x/§)2

47. slope of AB = =5 4
6-2
slope of AC = 15
8-2
slope of BC = % =-1
Therefore, the points lie on a line.
48. p=kB
854 =k (130,000)
K- 854 427
130,000 65,000
. 427
Therefore, we have the equation p =
65,000

If B=165,000, then

p=—22"_(165,000)=$1083.92 .
65,000
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Chapter 2: Graphs

49.

50.

51.

R =kg
46.67 =k(13)
k=2667 559
13
Therefore, we have the equation
R=3.59¢.

If g=11.2, then p=359(11.2)~ $40.21.

k

d?

_k
39602
k = (200)(3960% ) = 3,136,320,000

Therefore, we have the equation

3,136, 320,000
If d =3960+1=23961miles, then
We 3,136,320,000

W=

200

~199.9 pounds.

39612
T? =ka®
3657 = (k)(93)°
2
K= 365;
93
Therefore, we have the equation
T2= 365° a’.
93

If T =88 days, then

6% [3652 ] (a)

93°

a= (882)£3S:33:2j

[ 93° N
a:3(88 ) 3 ~ 36 million miles

652

The mean distance of the planet Mercury from
the Sun is approximately 36 million miles.

52. Answers will vary.

53.

54,

a. Thegraphof x=0 isa vertical line passing
through the origin. Thatis, x =0 is the
equation of the y-axis.

b. The grapy of y =0 is a horizontal line
passing through the origin. Thatis, y=0 is
the equation of the x-axis.

c. x+y=0

y=-X
The graph of x+y =0 is line passing
through the origin with slope = -1.

d. xy=0
y=0 or x=0
The graph of xy =0 consists of the
coordinate axes.

e. X2 +y?=0
y=0 and x=0
The graph of x* +y? =0 is consists of the
origin.

Set the axes so that the field’s maximum
dimension is along the x-axis.

P(h,k)

Let 2h =width, 2k = height , therefore the point
farthest from the origin has coordinates P (h,k) .
So the distance from the origin to point P is

r =vh? + k? = the radius of the circle .

Using 1 sprinkler arm:

If we place the sprinkler at the origin, we get a circle with
equation x*+y® =r?, where r =+h?+k? . So how much
excess land is being watered ? The area of the field =

Ac =4hk .

The area of the circular water pattern
2
A = nr? :ﬂ(\/hz +k2) = x(h? +K2).

Therefore the amount of excess land being
watered = Ac — Ax = 77(h? +Kk?) - 4hk.
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Using 2 sprinkler arms:

Q(0,k) P(h,k

We want to place the sprinklers so that they
overlap as little as possible while watering the
entire field. The equation of the circle with
center on the positive x-axis that passes through

the point P(h,k) and Q(0,k) is

2
[X_g) +yl= %thrk2 , since the center is

(goj , and the radius is /%h2 +k? .

The case for the other side is similar. Thus, the

sprinklers should have their centers at (—2,0)

and (goj , with the arm lengths set at

lhz+|<2.
4

Each sprinkler waters the same area, so the total
area watered is

2
Ac =2zxr? = 27{ lh2+k2j =2n(1h2 +k2j.
4 4
The amount of excess land being watered is

A - A :Zﬁ[%h2+k2)—4hk .

Comparison:

In order to determine when to switch from 1
sprinkler to 2 sprinklers, we want to determine
when 2 sprinklers water less excess land than 1
sprinkler waters. That is, we want to solve:

er(%hz+k2]—4hk<7z(h2+k2)—4hk.

Chapter 2 Test

2nGh2+k2j—4hk<7z(h2+k2)-4hk
%h2+27r k2 —4hk <z h% + 7 k? —4hk
%h2+27rk2<7rh2+ G
1 2 2 2 2
Eh +2k“<h“+ k

K2 < p2
2

k<\/ih
2
h > 2k

So 2 sprinklers is the better choice when the
longer dimension of the rectangle exceeds the
shorter dimension by a factor of more than

J2 ~1.414.

Chapter 2 Test

1. a m:u:ﬂ:j:_g
X—% 5-(-1) 6 3

b. If x increases by 3 units, y will decrease
by 2 units.

5_
B ©,3)
1) (4,2) Myz y

AN
0, DS 10 X

[0 G
s ©0:-3)
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Chapter 2: Graphs

3. X*+y=9 6. X2 +y?+4x—2y—-4=0
x-intercepts: y-intercept: X2 +4x+y* -2y =4
X2 +0=9 (02 +y=9 (X +4x+4)+(y> =2y +1) =4+4+1

x2 =9 y=9 (x+2)%+(y-1)? =3
X =23 Center: (-2, 1); Radius =3
The intercepts are (-3,0), (3,0),and (0,9). y
Test x-axis symmetry: Let y =—y St
2
X“+(-y)=9
Hy)=9 2,1 F
X —y =9 different L0k
Test y-axis symmetry: Let x = —x - / 5 X
(—x)*+y=9 _
x2+y=9 same 5L
Test origin symmetry: Let x=—x and y=-y
(_X)2 +(-y)=9 7. 2x+3y=6
x> —y=9 different 3y =-2x+6
Therefore, the graph will have y-axis symmetry. y= _EX +2
3
4. Slope = -2; containing (3,-4)
- Parallel line
Y=Y =m(X—x) Any line parallel to 2x+3y =6 has slope
y-(-4) = -2(x-3) )
y+4=-2X+6 m:—g. The line contains (1,-1) :
y=-2x+2 Y=Y =m(X-X%)
.
A 2
- —(-1) =-=(x-1
\_ Y- (- =-Z(x-1)
(0,2) (1.0) y+1:_gx+g
L1111 I 3 3
=5 B 5 y__zx_l
B 3 3
- -
sl (3 ~4) Perpendicular line
Any line perpendicular to 2x+3y =6 has slope
5. (x—h)2 +(y—k)? =r2 m :g. The line contains (0, 3) :
2 2
(x=4) +(y-(-3) =5 Y=y = m(x—x)
(x-4)* +(y+3)° =25 y—3=§(x—0)
2
General form: 3
2 2 y-3=2X
(x—4)"+(y+3)" =25
3
x? —8x+16+y? +6y+9=25 y:§X+3

X2 +y® —8x+6y=0
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Chapter 2 Cumulative Review

8. LetR = the resistance, | = length, and r = radius. 4. X2 _2%x—-2-0
|
Then R=k-—. Now, R =10 ohms, when —(=2)++/(=2)* - _
. () -4)(-2)
| =50 feetand r =6x10~%inch, so 2(1)
50 2+t+4+8
0=k ——— B
-3
(6x107) 2212
) =
6x107° 2
kle-( ) =7.2x10°° 24243
. 2
Therefore, we have the equation
| q =1+43
_ -6
R _(7'2X1O )r_2 The solution set is {l—«/ﬁ, 1+J§} .

If 1 =100f =7x10" inch, th
00 feet and rloox 0™ inch, then 5. 32 4+2x+5-0

R= (7.2x10*6 )W ~14.69 ohms. —2+.,/22 ~4(1)(5)

SETEY

_ 2++/4-20
- 2
Chapter 2 Cumulative Review _—2+-16
2
1 3x-5=0 No real solutions
3x=5
w2 6. 2x+1=3
3 2
c (Vax+1) =3
The solution setis = .
3 2x+1=9
2x =8
2. x*-x-12=0 x=4
(x—4)(x+3)=0
X=40rx=-3 Check: /2(4)+1=37?
The solution set is {-3,4} . V9 =37
3=3 True
3. 2x*-5x-3=0 The solution set is {4} .
(2x+1)(x-3)=0
7. |x=2|=1
x:—l orx=3 | |
2 x-2=1 or x-2=-1
The solution set is {—1,3} . X= 3_ X =1
2 The solution set is {1,3} .
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Chapter 2: Graphs

8. X2 +4x =2

(e sax) =22

X2 +4x =4
X2 +4x-4=0

_ —4+./4% — 4(1)(-4) _ —4+./16+16

2(1) 2
_ —412J372 _ —4124\5 Y
Check x=-2+22:
\/(—2+2\E)2+4(—2+2\/§)=
J4-8J2+8-8+8V2 =27
J4 =2 True

Check x=-2-22:
\/(—2—2J§)2+4(—2-2J§)=
J4+8J2+8-8-82 =27

J4 =2 True
The solution set is {—2— 22,2+ 2\/5} .

9. x*=-9
X =+/-9

X = 3i
The solution set is {-3i,3i} .

10. x?-2x+5=0
~(-2)#4(-2)"-4(1)(5) _2+4-20

X =

2(1) 2
_ 2J_r\2/—16 _ 224| 4o

The solution set is {1-2i,1+2i} .

11. 2x-3<7
2x <10
x<5

{X] x <5} or (-o0,5]

]
1
S
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12.

13.

14.

15.

16.

-l<x+4<5
-5<x<1
{x|-5<x<1} or (-5,1)

y
7

.

no

|x-2]<1
-1<x-2<1

1<x<3
{x|1<x<3} or [1,3]

f—L—
01 2 3 4
|2+x|>3
2+x<-3 or 2+x>3
x< =5 or Xx>1
{x|x<—5 orx>1} or (—o0, =5)U(1,00)

-5 1
d(P.Q)= (-1~ 4>2+<3 (-2))
=(-5)"+(5)
=+/25+25
= /50 =52

Midpoint_[ 1+4 3+ J:[géj

y=x>-3x+1

a. (-2,-1):
(-2)°=(3)(-2)+1=-8+6+1=-1
(-2,-1) is on the graph.

b. (2,3):
(2)°-(3)(2)+1=8-6+1=3
(2,3) is on the graph.

c. (31):
(3)°—(3)(3)+1=27-9+1=19#1
(3,1) is not on the graph.
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|
|
I
T

18. The points (-1, 4) and (2,-2) are on the line.
-2-4 -6

Slope = =—=-2
2-(-) 3
Y=Y =m(x—x)
y-4=-2(x-(-1))
y—4=-2(x+1)
y=-2x-2+4
y =—-2X+2

19. Perpendicular to y = 2x+1; Contains (3,5)

Slope of perpendicular = _%

Y=Yy, =m(X-X)
1
—5=-=(x-3
y 2( )

1 3
—S5=—=X+—
y 2 2
o 1,13
272

| 1
,L24 681012

20.

1.

Chapter 2 Projects

x*+y? —4x+8y-5=0
X2 —4x+y*+8y=5
(X2 —4x+4)+(y* +8y+16) =5+4+16
(x=2)%+(y+4)? =25
(x=2)% +(y +4)? =5
Center: (2,-4); Radius =5
.

Chapter 2 Projects

Project |

Men: Let (x,Y;)=(1992, 2.22) and
(X5, Y, ) = (1996, 2.21).
Y,—y,  221-222 -001
X, —%  1996-1992 4
Y-¥%1= m(x—xl)

y—2.22 =-0.0025(x ~1992)
y—2.22=-0.0025x +4.98

y =-0.0025x+7.20

m=

=-0.0025

Women: Let (x;,Y;)=(1992, 2.54) and

(X5, Y, ) = (1996, 2.43).

Y-y, 243-254 011

X,—% 1996-1992 4
Y= Y1 =m(x—x)

y—2.54=-0.0275(x—1992)

y—2.54 =-0.0275x+54.78
y =-0.0275x+57.32

m=

=-0.0275
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Chapter 2: Graphs

2.

3.

4.

Men: The slope m=-0.0025 indicates that the
winning times for men in the Olympic marathon
are decreasing at an average rate of 0.0025 hour
per year.

Women: The slope m=-0.0275 indicates that
the winning times for women in the Olympic
marathon are decreasing at an average rate of
0.0275 hour per year.

The y-intercepts do not have reasonable
interpretations. In this case, the y-intercepts
would indicate the winning times of the
marathons in the year 0, which is not reasonable
because it is too far away from the data on which
our equations are based.

Men: If x = 2004, then
y =-0.0025(2004) + 7.20 = 2.19 hours. This

compares reasonably well to the actual result of
2.18 hours.

Women: If x = 2004, then
y =-0.0275(2004) +57.32 = 2.21 hours. This

does not compare well to the actual result of 2.44
hours.

(1) Men: Let (x,y,)=(1996,2.21) and
(%, Y, )= (2000, 2.17).
Y,y 217-221  -0.04
X, —X 2000-1996 4
Y—% :m(x—xl)
y—2.21=-0.01(x—1996)

y—2.21=-0.01x+19.96
y =-0.01x+22.17
Women: Let (x;,Y;)=(1996, 2.43) and
(X, Y, ) = (2000, 2.39).
o Y2mV _ 230-243 004 _ .
X,—% 2000-1996 4
y=Y=m(x=x)
y—2.39 = -0.01(x —1996)
y—2.39 =-0.01x+19.96
y =-0.01x+22.35

=-0.01

(2) Men: The slope m=-0.01 indicates that
the winning times for men in the Olympic
marathon are decreasing at a rate of 0.01
hour per year.

Women: The slope m=-0.01 indicates
that the winning times for women in the

5.

6.

Olympic marathon are decreasing at a rate
of 0.01 hour per year.

The y-intercepts do not have reasonable
interpretations. In this case, the y-intercepts
would indicate the winning times of the
marathons in the year 0, which is not
reasonable because it is too far away from
the data on which our equations are based.

(3) Men: If x=2004, then
y =—-0.01(2004) + 22.17 = 2.13hours. This
prediction is not extremely accurate, but it
does compare reasonably well to the actual
result of 2.18 hours.
Women: If x = 2004, then
y =—-0.01(2004) + 22.35 = 2.31 hours. This

does not compare well to the actual result of
2.44 hours.

No. The year 2112 is too far away from the data
on which our equations are based.

Answers will vary.

Project 11
1.

t, photies it use 1904:¢t=10
1995:t=1
1998:t=4
002:t=8

o
100
-]
a0
o 4 8 12 t, time

Iobile Phone Usage

The line of best fit: m=8.125t+ 37.5

Slope indicates the rate at which mobile phone
usage is growing per year; in this case, 8.125
million phones per year.

The y-intercept (m-intercept) indicates how
many phones were in use in the base year; in
this case 37.5 million phones.
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Chapter 2 Projects

4. Using t = 12 for the year 2006, d. 400L+500K =120000
m=8.125(12) + 37.5 =135 K = _% L +240
Using this model, 135 million phones are
predicted to be in use in 2006. K

5. Answers will vary.

Project 111

a. Both L and K should be positive because they
are the number of hours needed of both labor and —t—%
capital. 300
P-L+P -K=E The slope is still the same but the x- and
y-intercepts are larger. If the expenditures were
400(100) + 500K =100000 to decrease, the slope would remain the same,
but the x- and y-intercepts would decrease.

b. 40000+ 500K =100000

500K = 60000 e. P-L+P-K=E
K =120 P« - K=-F -L+E
120 hours of capital are needed. P L E
= ——- +_
c. 400L+500K =100000 P R 5
K = _% L +200 The slope for the isocost line is _P_:;' For the

particular values in parts a.-d., the slope is —% .

K,, This means that for every unit increase in the
amount of labor, the amount of capital decreases
T by £ of a unit.
200 -
f. 500L +500K =100000
1 K=-L+200
| | | | L The increase in the price of labor causes the
250 graph to be steeper (decrease faster). The slope is
The line lies in the first quadrant because both L -1.
and K must be positive. K
200 \
| T T f L
200
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